US011733698B2 


US 11,733,698 B2 
Aug. 22, 2023 


በ0) Patent No.: 
(45) Date of Patent: 


(58) Field of Classification Search 


CPE is. (፲051) 1/0088; B63B 1/042; B63B 1/322; 
B63B 2001/206; B63B 2035/007; 
(Continued) 
(56) References Cited 
U.S. PATENT DOCUMENTS 
5,737,279 A * 4/1998 Carter .................. G10K 11/006 
367/173 
6,409,122 B1* 6/2002 Nicolai ................. B64C 4 
244/1 R 


2021/0316828 ላ1* 10/2021 Filiberti 0051 1/0088 


OTHER PUBLICATIONS 


U.S. Appl. No. 17/164,129, filed Feb. 1, 2021. 
(Continued) 


Primary Examiner — Isaac G Smith 
(74) Attorney, Agent, or Firm — Mark Malek; Widerman 
Malek, PL 


(57) ABSTRACT 


An unmanned vehicle including a vehicle body, propulsion 
system, maneuvering system, vehicle control system, rack, 
sensor, and a power supply. The vehicle control may be used 
to control the unmanned vehicle in combination with the 
propulsion and the maneuvering system. The rack may 
include a retractable mount that may move between a down 
position and an up position. The sensor system may include 
a plurality of transient object detection sensors. The plurality 
of transient object detection sensors may include a sensor 
adapted to detect an item of interest and may provide an item 
of interest signal to the vehicle control system. The vehicle 
control system may identify an item of interest classification 
and may provide a classification signal. The classification 
signal may be determined by the item of interest classifica- 
tion and may be utilized to avoid detection of the unmanned 
vehicle by the item of interest. 


16 Claims, 51 Drawing Sheets 


a2 United States Patent 


Hanson et al. 


(54) SYSTEMS AND METHODS FOR 
AUTONOMOUS SELECTION AND 
OPERATION OF COMBINATIONS OF 
STEALTH AND PERFORMANCE 
CAPABILITIES OF A MULTI-MODE 
UNMANNED VEHICLE 


(71) Applicant Maritime Tactical Systems, Inc., 
Melbourne, FL (US) 
(72) Inventors: Bruce Hanson, Melbourne, FL (US); 
Thomas Hanson, Ashland, MA (US) 
(73) Assignee: UNMANNED INNOVATIONS, INC., 
Melbourne, FL (US) 
(*) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 
(21) Appl. No.: 18/051,057 
(22) Filed: Oct. 31, 2022 
(65) Prior Publication Data 
US 2023/0081946 Al Mar. 16, 2023 
Related U.S. Application Data 
(63) Continuation of application No. 17/164,129, filed on 
Feb. 1, 2021, now Pat. No. 11,507,094, which is a 
(Continued) 
(51) Int. Cl. 
G05D 1/00 (2006.01) 
B63B 1/04 (2006.01) 
(Continued) 
(52) U.S. Cl 
CPE እ G05D 1/0088 (2013.01); B63B 1/042 


(2013.01); B63B 1/322 (2013.01); 
(Continued) 


US 11,733,698 2 
Page 2 


(58) Field of Classification Search 
CPG. بی‎ B63B 2035/008; B63G 8/22; B64C 3/38; 
B64U 2201/20 


USPE SASS Sra 701/23 
See application file for complete search history. 


(56) References Cited 


OTHER PUBLICATIONS 


U.S. Appl. No. 16/449,824, filed Jun. 24, 2019, now U.S. Pat. No. 
10,908,611 issued Feb. 2, 2021. 

U.S. Appl. No. 15/609,459, filed May 31, 2017, now U.S. Pat. No. 
10,331,131 issued Jun. 25, 2019. 

U.S. Appl. No. 14/788,231, filed Jun. 30, 2015, now U.S. Pat. No. 
9,669,904 issued Jun. 6, 2017. 

U.S. Appl. No. 13/470,866, filed May 14, 2012, now U.S. Pat. No. 
9,096,106 issued Aug. 4, 2015. 


* cited by examiner 


Related U.S. Application Data 


continuation-in-part of application No. 16/449,824, 
filed on Jun. 24, 2019, now Pat. No. 10,908,611, 
which is a continuation-in-part of application No. 
15/609,459, filed on May 31, 2017, now Pat. No. 
10,331,131, which is a continuation-in-part of appli- 
cation No. 14/788,231, filed on Jun. 30, 2015, now 
Pat. No. 9,669,904, which is a continuation-in-part of 
application No. 13/470,866, filed on May 14, 2012, 
now Pat. No. 9,096,106. 


Int. Cl. 

B63B 1/32 (2006.01) 

B63G 8/22 (2006.01) 

B63B 1/20 (2006.01) 

B63B 35/00 (2020.01) 

B64C 3/38 (2006.01) 

U.S. Cl. 

CPC ... 8638 2001/206 (2013.01); 7627 2035/007 


(2013.01); 8638 2035/008 (2013.01); 6 
8/22 (2013.01); 8646 3/38 (2013.01); 17 
2201/20 (2023.01) 


(51) 


(52) 


ኣ 


we 4 
WA 


US 11,733,698 B2 


Sheet 1 of 51 


Aug. 22, 2023 


U.S. Patent 


FIG. 2 


z ታራ 
گا‎ a5 
2 i £ 


# 


RNN 


እ ረር. ር... 


እእእ 


NNSA N 


# 


z 

4 3 E 
2 7 تچ رم ویر‎ 
co E E 


US 11,733,698 B2 


Sheet 2 of 51 


Aug. 22, 2023 


U.S. Patent 


U.S. Patent Aug. 22, 2023 Sheet 3 of 51 US 11,733,698 2 


300 


game ሥ-320 ,7 330 سر‎ 340 — B50 
i ዛሃ ሃ n ሃ 


“Horizontal landing 


多 ሂቭ/3 


09r 


ےسج تم تم می KA‏ رزخ میرم رکنم A‏ رک یم رگ خر کر A KA E E FEE ME‏ خر کر گر رک کر کرو رو 4 
3 2 ; سس سس روا و 
f‏ ۱ و رو دارگ رز 1866060565 ፣ ; ሪመሠጋሠዌ USES‏ 
aaa k yE‏ اه سا د ] j wende EBA‏ ; 
pus |‏ رتا BAAS‏ # 1 ; 
H‏ £ 
D 1‏ 


d‏ میس مر ማሃ‏ میں سوہ میں سی مس LES‏ ات سی میں PLT POLE POP‏ یں سب ہس یں یی ہے سر 


“POPE POPES فی‎ MERE SEERE ا‎ POOP یم وی‎ “ሃማ انی‎ Sy PELE AERO یں ری‎ 3 
£ 7 
i * 1 
ነ [ U ; 
1 * j  pauog واوو‎ ሯን paguen ; 1 
d 4 í زا‎ 8095406544 REO ا‎ 4: Ala š 
ሄ 1 Ç : سا‎ £ 
; ነ f D BRR ار‎ ; Git $ 
H 4 j : š 
1 0 ۱ ፤ 
፤ Š i 
; —————— £ 
í 本 
£ 
š 


OS SNNN: ኣል: 


g 


ای میں میں می می میں میں میں می می می ہی میں میں می میں می میں ے یو ہیں یں میں FERC‏ یی ہیں میں ہیں میں HEE‏ یں می میں میں نز ہس We‏ 


US 11,733,698 82 


Sheet 4 of 51 


Aug. 22, 2023 


U.S. Patent 


S SISSE‏ جوج ا 


ን ንሜ ሜፖ‏ نوت و وروت و وروت و ون 


; 
i 
RS, 


ሃ 
0 
A 
7 
7 
š 
0 
0 
0 
E 
E 


it‏ رہ 


SLE 


4 


ረ 


WS 
Rod 
کچ‎ 

NÉ 


3. 


MAN 


—ÁX 


3 


9ُ 


ش52 


RN 


زمر اح ار ار مار ار و و او مزمہ و ووو ووو وون 


| 
£ 
D———Ó a 


Z 


— 000001 


مړ موو وموم وموم مرت مون 


:عزعز لأ معز وو زم مام شر ارد ممم مم وو مم ممما جز 


ር‏ ہر ومومو وور 


5 


ሣማ KAKAK KAKAK KAKA KAKAK KAKAK رمرم‎ ዎዎዎ ፆታና 2تت ت۶‎ 


MSN 


INNIS! 


ANNI? 


z 
D&S 


= 
0 
3 
š 
3 
5 
3 
N 
N 


3 
Soy 


NTI 


Iis: 


z 
z 
z 
z 
z 
z 
z 
z 
2 
z 
z 
p 


š 


US 11,733,698 B2 


Sheet 5 of 51 


Aug. 22, 2023 


U.S. Patent 


U.S. Patent Aug. 22, 2023 Sheet 6 of 51 US 11,733,698 2 


jio Sha E. 


NS 


% 
P 
; 
1 
E 

E 
| 


mi 
በጠ ii 


7 
£ 
2 

ido 6ه‎ 


ire 
i 
0 
£ 


0 
9 
2 
١ 
97 
1 


2 


رکز نو کر رز رم 


Ia ra li KITA NGANAN ረ 


3 


RUE 


| 


رم رم رم عم رح رش رفح ےو —————O— M‏ 


y 


| 
| 
| 


ووو وور 


j 


— HEP FERME HH RH HP BR Hl P o tl tlt tete 


26778 


شر —— 


ረ 


.0۷0ب 


ፖ 
و وگ كر راا ی‎ 


N NN ANA ب‎ 
T 
Wu په یسپ‎ 


————— 99 ሪራ 


a 


a * 
š d N مم‎ 
Boo S M ት < ووو سر‎ >. š 


SLL 


مه 


GG NGANAN NANANG 


و 


7 


ሠጋ 


ርን 


ያያም መመሪ መራሪ 


جا م ا ا 
AA‏ نند NNN‏ انون الو حو NN AN N N NN‏ 
$ 
x‏ 


= 
SERRE REN 
ESSO SE Se POS ARR REDRESS 


زمر جم وی ————— 


00 2 وو 
ፈረ ፈፈ ፈፈፈ ፈረ‏ يي یں سس سے سس سس یہس 


š 
N 
ا ۴ھ‎ Sif 
ee E 
š ቿ 
تسیب‎ SORRY SRN š 
š 
š š 3 š. 
i i š 
; 2 ኒ ; 
: Sem 3 i E 
š oe ኒ 1 
š b — š š š 
۸ poll X E 
EM : - : š 
asss 8 8 و‎ 8 an Wawaq ና SŠ 
š 1 SF 


FIG. 6 


FIG. 7 


225777747: DDR 
ያረን 


2 ረፈ بک و‎ ረረ ረ 
7 2 ከአፈ በረረ 
22 ሪል 
2 7296, 
20 
22 
Í 
7 
7 
2 
经 سس سر‎ 
# ; A 
72 £ 2 
22 £ z 
2# 3 
2 2 7 
22 A 7 
7 A 
۶ £ £ 
Z ፤ A 
و2‎ 3 2 
77 3 2 
7 3 z 
# £ £ 
22 3 
HA $ 


ی یې" 


x 
_ 


| 
i 
5 


PERI መመ” 
نمزم رم همم مخ مه‎ ላመ ኣሃ” 


X 
S 
$ 


Aa 
S 


5 


NNN 


ዎች مرم وم رمرم‎ ር በሰለለ 


ነ 


SONA 


r £ 9‏ 
یہت بی ہیں ےنس یی AAAA‏ 


2 ی grt‏ تسس ارس سس و سس መ‏ سپ ለላባ ዳላ ፆታ‏ پش 


1 


— ዓ.. 


ታረዱ 


X 


RN: 


ی 


ووو ا مس سس የ ይደ t ደን ፈይ ይር‏ مور موه 


TIPU SALEEM LGD‏ مه 


کش کہ 


ٹجئئمسمسمبیچجیجچچچیں۔ 


و 


25. 


| 
| 
A 
— 
| 


US 11,733,698 B2 


Sheet 7 of 51 


Aug. 22, 2023 


U.S. Patent 


FIG. 8 


22255 


٢ تر‎ መጋ 
Z Ly " 


ባቸ‏ روز ی 


| 
፤ 


£ 
f 
2 
2 
ኋ 


SSA 


2 
یش مج 


d 
ኒ 
X 
N 
N 
N 
N 
N 

AN 


کت 
په 


SR 


ااا دیج 


NNN 


093 


ፈፈፈ ፈፈፈ ፈፈፈ ፈራ ፈፈ ፈፈ ፈፈ ፈፈፈ ፈፈ ፈፈ سض‎ ፈፈፈ ፈፈፈ ፈፈፈ ፈፈ ራሪ — ፈፈፈ 


ት 


بیس مس سس KAG‏ مرم رم رمرم رم رمرم POLI‏ 


boo oo 
SS 


وم ري 


مد 


aaan 


AB 


SSSSSSNS 
تحص‎ 


ي 


مم مم رہ 


ا 


ponis 


سس ہچ 


AD MEC mamam 


ያ 


“መ 


#5 


US 11,733,698 2 


Sheet 8 of 51 


Aug. 22, 2023 


U.S. Patent 


WA 


Z 


7 
ሥሥ WI” 
اس و ييا‎ 
Z 


US 11,733,698 B2 


Sheet 9 of 51 


Aug. 22, 2023 


U.S. Patent 


U.S. Patent Aug. 22, 2023 Sheet 10 of 51 US 11,733,698 2 


58 157 
35 = 
کم‎ AN 
SAN ል. 
የየ Laa MA. 
مب‎ š 


<< 


Z Z à 7277677772‏ کک TE‏ سی وو ووي 


4 
S 
SS 


8 
> 


S a SR WK, 


SS 


وو 


A 


p 


A 
2 
ከ ራራ መመረ 


p 


هموصعم aa‏ ےک —— 


ረረ መ 


US 11,733,698 2 


FIG. 11 


oS 
C 


11 


Sheet 11 of 51 


Aug. 22, 2023 


U.S. Patent 


U.S. Patent Aug. 22, 2023 Sheet 12 of 51 US 11,733,698 2 


100 


` 
A T 
1 1 01 5 په‎ MANIK WK NN 
meng. EPS 3 
NANA, š š 
ka š عع عع‎ | 
wê Š š 

SNR ። 
EPs š 
ENS ። 
ENS ። 
ENS ። 
NAN i 
EQS š 

HES 5 - ‘ : 

X ees SRR SN ل‎ 
ix موم‎ 80 Nys I Ww 
دہ‎ š: 


ር ም ሥለ 


FIG. 12 


ونا 
2 
2 


S 


ve 


S 


S 


መ ን 


ረረ وو یي‎ O 2 x 


3 
1 
0 
چ 
8 
$ 
0 

M 


$ 


0 
سود‎ 
RN 


£ 


B 
A مم مر‎ 
፡ ሪ ፥ Z Z 
مم 2 يد‎ 
2.4 i H و‎ 
“ታጁ. 2 sakan رھ‎ kn “ሠ 
88 95 85-45 L Z Z £ L.L. : 
می‎ ረ የር ይ 4 
0 0 423 33 2 2 
ሣራ ን ደ መንን ሰረ eet 
2 ረ 222 ١ 
“መመ “ሚመ” 
ANA حر‎ SA حم مرح‎ s 
5 -.ረ 23 ረ 
A 


E! 
رم کرم رمرم کر م رڅ ہر مرم‎ 
7 ረ ረ 


ووو 


aw 


rr. 
$$ t ۹ ረ ረ ረ 
دمه میں و دوو‎ H freres: 
چو وت غه دوه يو و‎ 
1 ا‎ kaa 
ም መታ ፈረ 
#9 3 22 2 وا‎ 


w 


سس 


US 11,733,698 2 


Sheet 13 of 51 


Aug. 22, 2023 


U.S. Patent 


U.S. Patent Aug. 22, 2023 Sheet 14 of 51 US 11,733,698 2 


“ 100 


š 
3 
š 
š 
š 
š 
š 
š 
š 
š 


Š 5 
NAN دهد‎ N KR 


ርመ 


Z 
2 
72 
72 
72 
2 


ፆረ‏ رطا 


7 سی 


ا 
ሃራ‏ 


es 


% 
z 


— عع عع عع عع عع عع عع‎ መ ረ ኢመ... 


v 
مم م م ر ر ر ر مر م ر ر ررر ر ر ر ر ر رر ررر ر ر ر ر ر ر رر ر ر ر ر ر ررر ر ر ررر رر یھی‎ 


“Z 


£5. 


:راع امام مز عع عع عع عع عع عع عع LOLOL‏ 


፡ 
፡ 
i 
i 
፡ 
i 
፡ 
፡ 
i 
፡ 
፡ 
፡ 
N 
፡ 
፡ 
፡ 
i 
E 


x 
x 3 
په‎ 2 
NANG TN Nes 3 
SRN NSSSWNSSSSNSSENS 


` 


14909... 


ی 


ES 


FIG. 14 


FIG. 15 


741 


سی 


640 


— s 


ZZ 


18907 


Qu 


we 


š 


A 
T 
š 
š 
> 
0 
ያ 
š 


——— dae 


رم 
፣‏ 


ANG مس‎ 


/ 
è 


x 


ce 
< z 
وده‎ 
C 


ገ 151 
| 


8 شش ”05272 


1500 


US 11,733,698 82 


Sheet 15 of 51 


Aug. 22, 2023 


U.S. Patent 


US 11,733,698 2 


= 1600 


ORE‏ ہیں 


| Sensor tantra | 15850 
System | 


166ህ 


| Operational 
| Feedback System 


|. Lifecycle and 
| Maintenance 


| 
| 
i 
í 


š 


| External System 
1 


1 


Sheet 16 of 1 


اروا وو Power‏ 


Payload Control 
System 


ود 
i‏ 
1 
Š‏ 
1 
i‏ 
፡‏ 
š‏ 
š‏ 
š‏ 
š‏ 
š‏ 
š‏ 
š‏ 
š‏ 


i Communication 
|o ControlSystem 


FIG. 16 


Aug. 22, 2023 


H 

1 

£ H 

کو وم ومون ونور هم موه 
وو ووووووا 


i: 


1519 
3 3 
; i 
፥ 3 
1 H 
— i 
š i 
i i 
š ኒ 
š š 
ኒ ኒ 
ኒ š 
š š 
Y A 


i 


Mission Control 
System 


——Á 


8۸81.8" 
Novigation 


p ምያ Ma rots 
Contre) System 


H 
H 
0 
رھ ع ھر رر ر ەر ر ر ررم‎ 


— 
Perception- 


Reaction System 


1805 


U.S. Patent 


-سسسسسسسس 


U.S. Patent Aug. 22, 2023 Sheet 17 of 51 US 11,733,698 2 


1700 


oA AAA 


ېېو بلجب 
3 
E‏ 


————————————————————————— ኣዔኣኒ 


ፖ 
2 


وسینو 


ሮመ 


3 
RAN‏ 06> مب وبا 


AAN AAN AAN AA NANANG ANAA ANDA NA AN AN aan aaa ahaaa daana 


d په هي په هړ‎ ዓባ ሻካ ዓፍ 


5 
x 
3 


J SSO ری‎ TTT’ 
N 


يي وو مز 


ያ 


NGANA NAN GANG GANGGA GAN GAN GANG i‏ ای وی 
وو مو هه هه دج AAA‏ 


7 


ኩን 


—À 


سس« 
w Y‏ £ 


x 
ES 


E 


۷۷ 


7222272222: 
2 
# 
= 
4 


ANANG NAN KALA NAGA اسن حجنن الم وی‎ AE 


دص مت 


RN 


ben 


NVS 


y 
ኔ 


ከለከለን 
3 
ኒ 


رر و وم رم رد 
میڈ 
H‏ 
z‏ 


Se مه‎ 72 7 


gu 


x 


ری رر رر ہیں 


ረረ مم‎ 


ده هی وی 
B‏ 


re 


e FH 


Sua 
2 TERRES 


عم — 
2 
7 
: 
2: 


: i sss 728 


ان ور ېپټ 


کر پیر سر رس ہیں 


ARE, 


# 


الح جا NN NAN ASSAS NSS NNSS ANANAS‏ ووو 


SSSNSSSSSSSNSNSNNSSNNSSNNSSSNSNNNSSNSNNSSSNNNSSSNNNNSNNNNSNNNNNNNIN SEAN, 


— ፈፈፌፊ፡ 


E 
š 
i 
E 


— wu a 


—— 


FIG. 17 


U.S. Patent Aug. 22, 2023 Sheet 18 of 51 US 11,733,698 2 


Central Mission Planning 
amd Control System: 


سم ې ېې 


DOH- Board Lara 
System 
Por Vessels Sets 


Systen 
For Vessels Sats 


8 E Tas نون‎ 5-71 ችንና نی جو »سم دو مهم یږو‎ WE رد دغه‎ ado 
< smote Communications Network ሸሰያርዊር( 
5 امن‎ SEY ሐ] 


^ NE 
ሼ ን መክ ና 


3 5 ae 
سی رہ دہ‎ 
m" 


On beard On-board وت‎ ë 
f i Arig 


L. Contro Systent | Cont Systen 0-0 | 
ل‎ በ i RUM Mind Control System | 


1600 1600 1600 


FIG. 18 


US 11,733,698 2 


Tracking 


| All Mission Vehicles 


| s Real Time visual map tracking 

| e Real Time video feeds 

| e Real Time Pilot view/control 

| eCommunication channels per plan 

| eEvent notification 

| Exception handling/natification/storage 
| eEvent notification/reporting/storage 

| sFleet coordination 

| eFleet self-test/Vehicle self-test 


Operations 


| Al Mission Vehicles 


| e(ISR) Data transmíssion, storage, 
| analysis 

| eEvent execution 

| ePayload control & execution 

| «Exception commands 


Mission Completion 


| All Mission Vehicles 


| eVehicie recovery 

| ePositive id/status all vehicles 
| sSelf-test/maintenance status 
| «Fleet inventory update 


FIG. 19 


Sheet 19 of 51 


U.S. Patent Aug. 22, 2023 


Mission Initialization 


| All Mission Vehicles 


| «Download missions 

| sinitialize/check-in 

| ePositive ID all vehicles 
| eRun Vehicle Self-tests 
| eVehicles report in 


| Establish communications 

| einitialize on-board systems 

| eSet control modes / precedence 
| eSet mission 

i eLaunch in sequence 


Set Control Modes 


| Specific Vehicles 


| eAutonomous (mission fleet) 
| eSemi-autonomous (control center) 
| eManual (individual pilot) 


Set Control Precedence 


| Specific Vehicies 


| #(3ሸ board mission contro! 
| eOn board master contro! 


U.S. Patent Aug. 22, 2023 Sheet 20 of 51 US 11,733,698 2 


Multiple Mission Management 


| eStore and manage missions - multiple mission sets 


| elife cycle view 


Mission Planning 


| «Design, store and edit mission profiles 
| eVehicie, operations and environment 


እ j eSimulate mission profiles 
./| Training modules 


2040. 
N 


Mission Readiness Mission Execution 


| Prepare mission for execution 
| eCoordinate logistics 
| einteract with fleet 


| eRun the mission 
| eTrack the mission 

| eAdjust the mission 

| eComplete the mission 


Mission Data Processing 


| eExtract data from mission participants (unmanned vehicles) 
| sApgregate and analyze mission data 


FIG. 20 


U.S. Patent Aug. 22, 2023 Sheet 21 of 51 US 11,733,698 2 


rd እርፍ‏ چھچت جورع Dar g proc VERSE‏ نی 


Mae sd 


یت 


| መመ | 


IIIIN 
ہہت‎ 


Siyudate YY 


2ك 


A SN, 


تلام بقع 
مالم صا misions‏ 
E‏ ومع اج 


š 
> 
š 
N 
š 
š 
N 
N 
N 
š 
š 
N 
N 
š 
š 
š 
š 
N 
N 
> 
፡ 
š 
š 
š 


پټ 


ویمرم وموم رمرم وموم ومون وم VERE‏ 


ፖ 


اج ین ااا ااا 


| یت‎ wein 


SSC 


Š 


— Á—— AA AA 9۱2929299٩ 


RESIS 
ns 


7 


i 


gm 
ہم رم رم مم یم سو‎ 


ST 


OO 


š 


رہ 


2 LD 
p 
1 
2 
> 


Ber 7 ss ibn plam 


w NRI NOR NISI SR 


ሰረረ 


(> apdated کیو‎ i galiout 


يق 


š 
š 
š 
š 
š 
š 
š 
š 
፡ 
š 
š 
š 
š 
š 
š 
š 
š 
š 
š 
š 
š 
š 

کین 


——IIII 


BERBERS ا‎ 
Recover veh 


SAINI 


ASSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS SS Ss sss 


G 
یم مر مر رمرم مر مر مر بر یه‎ 


Mai I 


SSA SSS 
WERE Q RN 
SEES t سي‎ Be 


EXE 


Extract HEEE date 
finm FERS 


aad Analyse 


رمرم ومومو ررض 
ELS‏ مو مر .مر مو ړمو .مړ .مړ ړم 


FIG. 21 


32215 


15 انت 
ut nie‏ 


ع3۸[ ا63ت 


US 11,733,698 2 


Sheet 22 of 51 


Aug. 22, 2023 


U.S. Patent 


S 
0 
2 
£ LA ie E SEV ; —ÓÁ 
£ PU: 29224 LIE 5 
£ መጃ BEA, 
E e 
z AGS مر مر‎ 
p E 22 ሄሪ 
£ AVV 
ንያ ` SS 
ار‎ n 


了 


ድ 7 
፣ 

፣ ; 22 

2 
z H ፣ £i 
TA H £ 22 
ነረ "ሌሪ ا‎ ትብ 了 zz 
Z ZZ 2 1 H 22 
z t A £i 
7 i 2 £2 
š 
A 3 $ zi 

H 2 
—À z ፣ i ፡፤ 
一 | ; > 1 
IET š A 1 2 £2 
“ሥሥ v እያ ረች III III RA 


Ed‏ مم مو موم مخ مم موم موم مم موم و ہے ھک 
1 


02 3 
š دا‎ £ 

፥ L4 
2 TUNE! i 
z Zu. ፥ H 
A مر‎ i £ 
2 Wht ፣ 

Li £ 
፡ $ 3 
7 “ £ 


,12222 مر مر مه 


9 


: 
: 
S 
i 
i 


دنننننننندنننز 
E‏ 
SS‏ 
N‏ 


ا 2101# 


3 
لج 


| 


3 
d 
d 
d 
d 
d 
d 
d 
d 
d 
፣ 
; 
d 
d 
፣ 
፣ 
d 
፣ 
d 
d 
፣ 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
; 
d 
፣ 
d 
፣ 
d 
; 
፣ 
; 
i 
d 
፣ 
d 
፣ 
፣ 
፣ 
; 


ار حر حر حر حر حر ړ و و چو رك عر حر حر حر عر عر چو حر عر و رو رح 
VOY‏ 
PO‏ ر 
taped 2⁄2...‏ 773 
# 


A 
0ك‎ 


M 


SSS 


tn‏ ہےر 


23 


wS. 


BIN 


e 


H 
H 
H 
H 
0 
0 
ረ 
H H 
$ 7 
$ 4 
$ 7 
፣ m ; 
IIIIII: $ HA 
7 H 22 ቻ፣ و‎ ENAR ; 
A ፣ رر و رو رر رر رمک ہس‎ Bion, PE I 27 ፉራ 0 
7 7 7 : “ሠራ, ۳3 
7 ፤ : IA ; ወው ቻይ ; 
A H 
፣ ፣ 25s 2 0 
፥ 0 2 2 2 
፣ ፣ 
: i š H H 
2 š H H 
0 * 4 7 HA 
0 * 2 2 2 
۲ í š 
; سییر‎ 9 6-9 š H 0 
፣ ZZ; کت‎ ፥ š š z 
£ ቷ2ያን#ጩ Prat ፣ 2 1 7 
3 21i ፣ 0 2 0 
$. و‎ e, z^ ፣ مو مي مر سرم مو مو مي مو مو ومومو يمو موم مرم مر ومومو سم ومومو يمو ومومو يمو حر موو يمو موو مو مو يمو ومومو رم س موو ړو مړو ومومو يمو موو يمو مر مہم رم ړن‎ 2 
Z. کک‎ Ate ደሥ ይ. ው DUAE £ š ፣ 7 
his پد‎ 4580655 BE E ፣ A 
1 4 BA 22 ادف‎ ። ራሬ 4 2 0 
፥ 4 | ፥ 2 2 
H ፣ 
4 ፲ 0 ፣ A ረ 
: 3 ፣ A 0 
| E COE E ON 3 0 
۷ 1 4 2 2 
7 H 
2 7 0 
; 7 2 
፣ š 7 0 0 
፣ š 2 D ; 
H E 
1 pa مړ مړ مړ مړ مړ مړ مړ مړ مړ مرم مړ رمرم مړمړمړمړمړمړمړمړمړمړمړمړمړمړ مړ مرم مړمړمړمړمړمړمړمړمړمړمړ زمرہ مہم رہم ہم ہمہ مہم ہمہ مہم ہمہ مہم ہمہ مړ مړ مړ مړ مړ مړ مړ مړ مړ مړ مړ مر مر مہم م مو مر مر مړ مر مړ مر مړ مړ مړ مړ مر مړمړمرمړ‎ iis 2 
፣ 0 
A ; 
۸ K 7 
0 š 1 0 
1 | کی وموم وموم ری تمہ‎ ; 
; 2 2 2 A لوت‎ T 1 
H 3 2 ሯ A 22 2 
፡ 2 2 A $2 ; 
heres, z £ $ A $2 2 
WANA Aan I کے‎ ዲኣ 5 z ረ 2 2 
1 — H 2 Ë ew: " ; £ 2 3 
፣ یر‎ * 2 “Z; AL. 4 i 22 2 
; : £ £ 2266607222 1 | ی‎ 425271 2 ; 
í ñ £ £ 4 j Ld ASSP ረቃ LL 7 
፣ i $ f A 2 2 2 
7 5 e z ረ 22 2 
EX 2 ሯ A 2 2 2 
፡ 22 A £ 2 2 £ $ H 
ራረ % Z A A Z 5, 7 
ረ à کي یگ ل ل‎ 
“ሠሪ 
ንን 9 77 1 nm d 0 
3 H መረ #ቃ E 2 
$ ٤ سے‎ 2 2 
3 ^ A 
4 yn 1, M መ A 3 2 
ረይ ye መሥ 72 ; 
<. 2 ZZ, 2 0 
3 ; LHAE 7 A 
1 j H VAL 2 2 
مر‎ H A 
£ 
i ; ; 
2 : 
0 A i 
H GPA 
3 ኢሪ/ 
pret M LLLI ALLA e መሠሪ 
2 A 
3 í ; 
j i 2 
š 
0 
zum t —————————À 
مھ | .در رم رم مب‎ ppp ppp ppp ppp عم رم خر‎ | “ፆሥፆሥሥሥራ ppp: ppp 


US 11,733,698 82 


Sheet 23 of 51 


Aug. 22, 2023 


U.S. Patent 


ve Old 


رس سرع حر حر و هرم مره هرن رم رمرم هره هرم هره ړه. . CÓ:‏ 


+ 


PELA‏ ام ره عم مد هده 02258 LLANKO‏ رر 
ረ ——— LP A han a 2‏ 0 8 
v 7‏ 
,2 


d 


کے 


H 


RISES‏ جين 
SD‏ 


SSO Re 


š 


dx 1‏ 
مس مس می وم 


š 
x 
x 
| 
i 
! 
3 
i 
i 
i 
i 
B 
! 
! 
3 
) 
i 
1 
۱ 
۱ 


ረረ‏ سی سس دده 


— 


OE:‏ ورون 
2 
: 


3 
ኒ 
ኒ 
N 
3 
x 


SANA 


Vet P سس‎ VERE AIOE له‎ ለሪ በለለ አለ رک رک کر‎ ውሪ 


NS 


S 


A 


£ 
2 
z 


| 


2278269 يو 
و وو مرکا 


H 
Kao 


anana atado. 


ecele: 


US 11,733,698 B2 


Sheet 24 of 51 


Aug. 22, 2023 


U.S. Patent 


S£ Old 


US 11,733,698 2 


š 
— 


(Dr 


AOA 


S 


Z is 


ሠ.‏ يم ونو 


ووي 


ii‏ زر 


1111011110 na ^ 
عم ام مم‎ AARAA ይን Bartek 222 መይ 2 4 2 < 7777777772 
NALIN MAD D d ^ 7 ^ ۳ 


OZ 


sss‏ ہو وی 
1000-2 


Sheet 25 of 51 


ርዎ‏ مه 


7272572277 


روم موو مر مرج مس مر مر مرم سم وس سے سی 
CR ST HAN‏ 


tau‏ ميمص مي یره 
ررب 
7 


oe 


لھک رن وا می و site rate‏ 


rne 


Aug. 22, 2023 


U.S. Patent 


VOC Od 


وو وي 7 


as 


992 4 


US 11,733,698 B2 


Sheet 26 of 51 


Aug. 22, 2023 


U.S. Patent 


ፌር 13 


ህ፤ሬሯ DOLE 


1 


ፈፈፈ ረፌራ m 


IEEE 6ے‎ 


0 
መ 
ሪን 
B ^i 
0 2 
wee : “ረረ A 
ON 7272222222; 2 سه‎ peg 2 
2 1 ፡ 
i f 
^ 32 7 
; | Ñ 
2 N 
8 3 2 
شش‎ ደረሽ š ሩን ን 22 ELE ሠረ ማመ 22 
7 
1 ፡፤ : 
: 2 š 2 
z £ š 2 
$ £ 2 0 
A ረ ፤ 3 
2 $ 
£ ፥ 
; ፡ ; 
و‎ ፎራ akih ፣ 4 £ 
om ; 2 2 
2 $ $ š 


“Z, 


አቃ ሥታ ታታ ያፇራ ረታን ቃታ‏ زه تیشم 


528 
Eo "tha 
/ Te 


x 


ከረ D 


07 مر ለ‏ مرم ع زومرم بس مس شس یسا 


US 11,733,698 2 


Sheet 27 of 51 


Aug. 22, 2023 


U.S. Patent 


0E: : i 
Mor 
0022 
09027 


US 11,733,698 2 


Sheet 28 of 51 


Aug. 22, 2023 


U.S. Patent 


U.S. Patent Aug. 22, 2023 Sheet 29 of 51 US 11,733,698 2 


Mission 
Control 


System 


c 1630 


ፖ 


d 


ېجو ኣት‏ لجيج ኦሶ‏ جج چچو 


Systent‏ لل ال 


NG u ANNE RAE لجوج‎ AAAS BS بجح اجيج چیچہ‎ 


2904 


ا ججح NY‏ 


SP چچې ېجو ججح‎ ARR DANN SDN NIN چچېو جحد چچو‎ SNNN کې‎ Oi N ኣቅ! ANY IN: بچہ چچو‎ 


መታሪ spe “ቃታ. ሐራራ 3 


ሠ 


هههن 


ug ረ 


— ፈሬራ፡ 


ቃታ 222 bod, رده‎ "ራቃ 2222 “ቃራ, ቃቃ 


0 تب 
"ER‏ 


زمر موم ررر ررر ررر ررر رمیا 


SS 


H 
š 
3 
š 
2 
2 
2 
2 
ረ 
2 
2 
2 
2 
2 
2 
2 
z 

A 


00 0 ووو ووو ورد 

£ 
5 

5 

4 

2 

A 

3 

3 

7 


x 
VSSNNNNNNNNNNNNNNNNNNHNNNNNNNNNNNNNNNNNNNSNNNNNNNNNS 


ር 


š 


። 
H 
; 
H 
i 
H 
H 
; 
H 
H 
2 
£ 
£ 
£ 
ሪ 


AAAA SAMAA SASAS ኻኣ ےر‎ 00 


FO esee 


۷ x 

NN eM 

aW 3 

ARE A 
ES 

ON‏ الم 


همزمز نمزم ራረ‏ 
————— 
1 
پر رر وزع م عزعز 
هك 
ہم مرم مر مر مر مر مرم سی سے ےم مہ 
t‏ رت 


i 
ARRAN 


HS‏ و ړا رر ممعم م رر مر هر عم رم بم رم ر م رم 
—— 


i Ñ 
RN 
1 


AILE 


“ቃሪ tebe 2222 bibs ቃያራ “ቃራ 


š 
5 
= 1 $: " 
3 ኒ N š i 
سس رر رر یرہ‎ NAN, AAA ANS NN و و وش پیر مچ وټپ دی رتو دش‎ UNA, روش وی و ری غه‎ eww شش یں‎ ANN SAN ای سي عم‎ 
E 3 $ Ñ 
* X t = 
Š š: N ። 
X š š š 
E 3 = 
H N š š 
ኒ š š 3 
3 t * 
ኒ 3 3 i 
qme sess sss vss vss esses vss sss iiem voee 
š: Ë t 
i x š 
i کم‎ —— I MELDE. SPAM $ 
3 3 E š 3 1 : : 
: i i : 
: i ኒ 3 i ` 
N i ኒ ኒ 3 1 
e DT 8 : à ኒ ፡ ; 
۳ ——À i š š x : 
z. 0 E. ት ፡ i 
SS ያ B i ioi i i 
H š 3 š 3 3 
3 š: £ ኒ i 3 
ኒ 7 È N X 
0 š : 3 i 
i بب رټټ‎ i a$ کر‎ 3 
i : 
i i 
፡ : 
i š 


pO —— 


FiG. 29 


FIG. 30 


š 


ያ سس‎ $ 


መ ; 
; 
= ; 
H 
፤ 
፣ 
ውድ » 1 
2 i 
© ፦ 5 1 
En 3 ፣ 
er) 2 = ፤ 
2 i f 
٣ ; : ; 
^ ; : ; 
- ፣ ፤ 
i i H 
= 2 i 7 
፥ 
un i i H 
E ፤ 
5 ; € 21111117 E 1 
; ; 
£ 4 رم‎ መቃዶ هر ار رم رم‎ መዶ ዶዶ ره هر هر‎ ፣ 
8 
$ 5 رش ——— سس رر مي‎ መ. 
፣ 
£ 
£ 


wer 1630 


H 
H 
r 
£ 
H 


مه مو مم مم عم عم و መሬ ራን‏ ېسو 


sç 


چججیجممجیججممجمیججیجججچججججیججچجچجججچججچچچوچچ 


; 


مهه 


3 


چو ٹچ ہیی چچي جج وچو ኣኻ. SNP‏ يوو AN‏ پوچ پچ 
d‏ 


| 
E 
1 


Sea NNN ENN پش س‎ 
N 


7 id 
፡ JP vies 
2 H 2 ئ‎ Í fi 
። 7 7 ው 
H ۶ ۶ و‎ ቀሪ 
一 [ 4 š 
in A ; ; ئي‎ 4 
7 ፣ Saar: 24 
تہ‎ d ፣ مس‎ ቸው ንኝ Aa AA a AA ኾን ከ ያሜ 
7 eee 3 
سب‎ £ ፡ ፣ ፡ ئد‎ ¢ 
= š H 2 3 i 
d H 241 
; H £ š 
; : £ 2 ! 
= 4 H £ š 
8 7 24 $ 
የግ £ H EA 
: : EE: 
£ H 2 f و‎ 
- ፥ ፣ ED 
۳۹ + 5 ቀ 
يه‎ 3 p(—X EE 
V ፥ id 
= ; f “ a | 
; “መ ና $ ; .دبد‎ A 
$ f ig i ሪ 
1 H 1 
ሠ ፤ ; 4 ; 
3 2 f H pP 
H ፡ í i 
£ ow 
Z £ “ሃታ “ሪታ 21 ¢ ; 
H $ Z: ZZ ا کت‎ 3 
$ £ 46 -፦ ber 6 aaa رح‎ ۷ 
0 £ W `Z: gee: 3 
$ ፪ نه‎ 名 H í 3 
z £ => سو‎ A 3 i 
$ £ ጩ Z 7 3 ; 
Z ጄሪ 3 
íoxX 4 z H i 
H A $ 3 
£ 7 ; 
H A : H 
2 ؤو‎ ፤ i 
i ፡! 1 ; 
ኔ 1 


Aug. 22, 2023 


جم ہیں 
i‏ 

i 

1 

i 

i 


ሸረር e v E 


ዲዲ ዲዱ ሚኢ ኣቲ ERT 


፡ 
H 
H 
H 
š 
y 
A 
H 
H 
H 
፣ 
£ 
H 
H 


AAA 


Sion 


p 


Control 
System 


1505- 


ants 
3010 N 


š وم‎ C 
፣ = 5m 
a 


Hamman patos Logic 1 = (examples? 


2 جر رو ور‎ ው ው ር መቋ” ም Dh وتوو‎ EI ቃቻ APE 0 


U.S. Patent 


TE 913 


“ህ፳፤ጄ 


— 
H 5 نو د‎ eee 
Jm 


H 
۴ E 
H 
1 ; 
رم رم رم رم رر مو‎ ; 
———— PË ፥ 1, 3 mM" + 
H Eo pem 1 
3 ٩1 1 “ሠላ 
; Eo penne 1 
Sy ህህ ይ 0 B: ; 
و‎ A ; do ርር ን H 
رغ‎ “ሥሥ ووو ووو‎ ፦ሠራ ; 1 نت‎ መያ ; 
7 0 i 3 ze ; 
t ; ; و‎ To H 
; ; ፣ 3 p» H 
یٹ‎ sss يع ع يږي عي يي وي و و‎ 0 1 ! Mc ተመረ چم سے‎ H 
ፓ + وو ووو و وتو وآ‎ 0 3 ፣ 1 
j ; 
< $56 c EE j 
a Z ኗ» ^ t ” #ሥሥሪ ھر مر مر م مرم ی ی‎ 


مو 


0 
0 
0 
0 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
0 


xp 
S 


Ksa 


ادج ادا 


Apes. شش‎ —————— 


፡ H 
porn. 
p Ld 
; rt 
; 
; £... -ሥ 
; $4 1 
; ፦= ፤ 
و یں ويډيو ووي يوي ووي ې ي و وپ و و و و‎ $5 i pee ው ም. 
; peed i 
; 
; ME 1 
/ 1 A 
مر عم می مع عم ھر ږو يږو و ييو و يړم‎ 2 ““ s i AA لوعي و‎ 
; iji E 0 
; n 
; í ፥! 
; “ን اک‎ 
; weeh $ 2 
; fi ——————Ósn 
z ٠ £ + ፤ 
ኤዴ i 
^ 4 سی‎ 3 
ሦኀ ፤ 
i i Ww 
— £ 1 
í 4 
AE 
í ፦ 
; i 
E: 
E 
AE 
AE 
E 
E 
í 4 
[9991 


د بس یں شش eese‏ 


US 11,733,698 2 


Sheet 31 of 51 


Aug. 22, 2023 


U.S. Patent 


c£ 13 


اك 
دی ہا I “ሥታ‏ 
A H‏ | 
PEAS | U‏ ; 
<“ ; 
| | شود m‏ 
RES aa í V | |‏ 
E ——— 2 i ፣‏ " 
A H‏ 7 
1ء 0 j‏ 4 
| £ 3 
ሥታ ሥፇፇ‏ 222 مر cen ve tee‏ و eee‏ 
; 1 کے کے وښ پا (we POD PEE 'ፇዶ 'ፇሥ‏ 7 
0 ` بی له پیم همو مو مو نمو روم ^ dns‏ 
g 4‏ و دوو وس ۲ 
፣ $ ; |‏ 
Í‏ * 4 
; ; 
| ; 0 
#፤ ¿ ; |‏ 
L... $ I‏ 
መ d U ;‏ 
; 2 
፥ | |‏ 
3 ; 
Í‏ ; $ م عر 
HA ደ Í‏ 
H ; |‏ 
H‏ ; 
i : |‏ 
H š‏ 
H I‏ 
ኒ ;‏ | 
Ai 1 |‏ 
0 | 
i ; |‏ 
፥ : U‏ 
DE ; ;‏ 
5 که : 
r 2 መራ 4 3‏ : 
2 4 7 
E‏ 7 4 
‘he Í‏ 
0 0 
ዶዴ An — P d 1‏ زب ሽ‏ 
r... “ሥሥሥ› ፊ : |‏ 
بر ص12 ; 
፣ ፊሪ ; ; ን‏ 
£ یي شي يع خي و تی یب یت یی 0 M‏ 5 | 
ርመ ረ 5‏ ; : 1 
> / : 0 ...سس ممیت پآ pena‏ 
፣ — s H‏ : ; | 
4 ا ; d‏ 
n ;‏ 
: ; 0 
; 
ማታንን) PATAH i‏ ا 
፣‏ وي 
š‏ 


7 


RE 


TN. 


US 11,733,698 B2 


Sheet 32 of 51 


Aug. 22, 2023 


U.S. Patent 


U.S. Patent Aug. 22, 2023 Sheet 33 of 51 US 11,733,698 2 


Down 


a a a a aa € SSG: 


65 Degrees Of 0۳ eedom 


FIG. 33 


FIG, 34 


p» 1 
Ke i 
Ce ፣ iv 
i Ad ؛‎ 
ኣሪ | H ኒ 
سا‎ t | ላ ته‎ 
227 ፤ 8 ኒ < 
ጭ= š ; i i * 
-፦ ፤ 1000000000000000 ሪ ነ p 
ሙሬ] 1 ፤ ፤ 
+ H 7 ኔ 
1 po. 
M H 
2 H H 
H ; 
. ፣ i 
3 H 
I | | 
i f i 
$ H 3 
A í — 2 
H H = 
i i 1 
i1 


1 
|. 

H 

دح مسا 


< 
v 
£5 2 
Ki 
2 
# 
< # 
سی‎ L NE, 
= be کی‎ 
£ zoom 
g v 
፳ች .. 
# ow 
n 
<£ 


1 


مه سن 


i 

N 

ኒ 
ን 


Vii A ne ba ን ችንን ንገ. 


ኤ->ጻጫ ራሥ 


1 7 


US 11,733,098 2 


Sheet 34 1 


Aug. 22, 2023 


U.S. Patent 


FIG. 35 


۳ 


KNA ANAA AA AA ANA ANAA ANANA AAN AAN ANAA AAN AAN ANA ANANA ANA ANA ANAA AA ANAA AA AA 


———O 
و اد یی‎ 


و و و AA‏ ی ین 


ler 


ኒ 
ኒ 
š 


om 
Control 


nand and 


۹ 


š 


7 
-<ታ 


e 


Well Deck Fos 
Control 


» 


پ.,,) 


` 


Environment 


TERY‏ ااا اا ای 


ESR‏ مع پو 
Shed‏ 


US 11,733,698 B2 


Sheet 35 of 51 


Aug. 22, 2023 


U.S. Patent 


Fs, 36 


E‏ ممعي د ووا 
ረረ # ^‏ 7 
IL‏ 


| 
| 
i 


US 11,733,698 2 


Sheet 36 of 51 


Aug. 22, 2023 


U.S. Patent 


AiG, 37 


که 
یی 


^ 


کی 


US 11,733,698 2 


Sheet 37 of 51 


Aug. 22, 2023 


U.S. Patent 


FIG. 38 


NO 


ዷ 


KA 
په‎ M 
y ~ 


US 11,733,698 B2 


Sheet 38 of 51 


Aug. 22, 2023 


U.S. Patent 


U.S. Patent Aug. 22, 2023 Sheet 39 of 51 US 11,733,698 2 


EUM 
: پټ دچ‎ በስመ 


£ 


— f 


ኛ 


FIG, 38 


NG, 40 


— 


ደ 
$ 


ipd سسپسسسشپسیساڈ‎ 


k: 


8 


T 


5ك 


ጸ 


US 11,733,698 2 


Sheet 40 of 51 


Aug. 22, 2023 


U.S. Patent 


U.S. Patent Aug. 22, 2023 Sheet 41 of 51 US 11,733,698 2 


s‏ وو ووو 
0 


شیج جس سس مس اي 
ኒ ን‏ 


سس ہہ 
RORIS 5‏ 


MMOA 


. adi 


RE‏ سج 
S ۳ i EE,‏ 


OS) 


US 11,733,698 2 


Sheet 42 of 51 


Aug. 22, 2023 


U.S. Patent 


ሥታ Autonomy ^ وو د-‎ Hiding 9 |! 
3 09505 if Integration ıi Control! Vessel Operation | 
| Layer + Layer n  Laye y Layer 
1 i | دد سب وو‎ መመ> s 
14207. i: 1 i Physical Hiding 5 
፤ i; Aian 
| Misson |! 244 14218ሓ 11 Navigation Mo 0088 ነ... 4222 
i RIJA ሙኤ P we پس‎ “= 
Plenning 1 و‎ : ct GATOR, SHARK 1 
IÑ مسي‎ Pa 1 | aola r HOVER, u 
È i ት... M 
"a egratio A 5 Í “Navigation I 
ir. ኣፌ 3 — E 1 S ፤ " 
pa 11! Hang |i System | (4224 
3 igor ihm in| Contra ا‎ Pronuision 8 
ej PF in y ben ڈو‎ p EL 
| 00655 ing i |!) aynen Hd Sieerage m 
H Integration መሙ ' Ñ i! 
kia i 42205 کی‎ Control ۶ 
HAs i ام‎ n M 
7 1 Navigation |: t 
| Pant red 
t | Cono pa 有 y Lv 
Í اكد‎ System ju System 1 
i Mu : 
iz a DEA ፦ 
ni Sensor ۱ Š HESS t 
| Dataand f Control |!!! 
i Anal lysis i E | Susiem Í تہ‎ a E 
^] Integration ||! ystem ji Stealth Hi Hidi ng 114206 
q gum n ! Signature 7 
3 1 ut Suppression |) 
Í 1 || | Systems u 
ME ፤ i tt 
2 EM r vil Thermal | ۳ 
! Sensor Data i it | Cloaking ہے‎ ٢٢ 
1] vt » ysis > P ን iH SR GM H 
5 | is 28 1 5 7 oystem 2 aag 
COONS P 3 T l 
“Identify and || 1 ni [ 82600616 | مود‎ 
١ Classify |! Ü e L^ 8 
l 4204 117-425 [[| Sem | 
: ረ. fcn | System j|» 
۱ | | ፡ >> ራራ 
: i D Qe poem 
: | T mo Radio | |] 
۱ 1 | 5i | requency | و‎ 
$ i n Cloaking and كس‎ 
: 1 1 1 imita ion e 
| | 1 (|. System | |! 
i : $ : t, i HERD Mine 1 ›፤ 
سس مد‎ ርጂ ርው. በህ ነጻ ርክ e 


FIG. 42 


U.S. Patent Aug. 22, 2023 Sheet 43 of 51 US 11,733,698 2 


Sensors 


Signal Processing 


/ Transient Objec N ፈኋስፈ 
4301 Detection “4304 
8ه‎ an = 7 
4308 Artificial 
intelligence (AD 
4309 identify 05 
Classify 
4319 
—— €— ር. 
Tn : Mission Execution Control 
4311-7 ۱ 
Decision ہج‎ 
፤ ANANG 
4312- ۱ Components pase 
i Pre-Programmed 4306 
4313 ارت مسا‎ A سے‎ Logic : E 
ጋ... ፡። کر‎ | 
58ክ50፻5 . / : 
Environmental Awareness Hiding Requests | 
| Navigation Mode !ہے‎ 
: | Stealth Modes ` 4319 
በቢ 
ችን کر‎ die سیو غه عبد‎ OM ید لد وقد‎ ው. Ka A 
Hiding Control 
System Ner nani 
Fi -4307 


US 11,733,698 2 


Sheet 44 of 51 


Aug. 22, 2023 


4401 


Mission T 

Execution وي‎ 444 
ን... Mode سیم‎ ; 

ብክ. — ም || Navigation Mode 

| Executive Control 

Hiding | | Select 

Request One 4407 
4402~ Messages | Surface Navigation | 


Made Control 


4408 سر 


Mode Control V ہیی‎ 4405 
| HOVER Navigation ”" | cont Seed | 
"| Mode Control | | Messages 
جب مت‎ i 
| DIVER هد‎ on L < 
LÀ] او ی‎ M oie 


Contro (Fig.A4) — 


RR, SIR 


yz -4413 


8 
Hull Temperature | 
suppression System m 
839 
| Acoustic Frequency | 
'| Cancelling System | 
a 
Radio Frequency 
Communication 
System 


Frequency 8 
Generators. 


1 GATOR Navigati of | 
Mode Control | | 


SHARK Navigation 一 


X 


Glider Navigation | 
Mode Contro. | 


.|Porpoise Navigation! 
Mode Control |. 


Thermal Signature 
Control 


| Acoustic Signature | 
Control | 


441 => 


4417... 
J imation Signale | 
Control 


FIG, 44 


Hiding Control 
System ገን 


Stealth 
Modes 


Stealth Mode 
Executive 


Stealth 
Moda 
Messages 


U.S. Patent 


87 4 


يعم AAN‏ ورم وعم وره AH ኣመ AAN RAR SAA SAP‏ ښوه مه" زی RRR‏ يعم var‏ عتم 


OSO 
IGAS1JOIEAA 


—————————————————————————— 


| راچ‎ s 
WBISAS | ھ‎ 
۸00911 ووه‎ | : 
| -— گ‎ 41371 

ü | I PRUIK‏ اتی 


DIOS 
27 


09 


1 


ANANA 


1 1 
I i 
0 
1 


۸ ሪን 20701 
0 
مرلو‎ "Umi BAUC GJON 


BOOS JANDA USMO 


udeg 
1 ሃኒ ው OEC, ROMERO یی می سے‎ E NILUM 
9097-7 iod DutpesH 99906 | 


ile 


DUELO. O م٧‎ 3 

DO ud BPA 

28 D سے‎ 18u pS m. ee Sos ፍና ብ XI ECT 
"BUS 


55 uoge 


ን 
H 
* 


زرا 


733,698 2 


5 


Sheet 45 of 51 US 11 


Aug. 22, 2023 


U.S. Patent 


Sheet 46 of 51 US 11,733,698 2 


Navigation | 
Mode Contral | 
Command | 
Messages 


Orientation | — 
Contro! Rish 


ix 
H 
ANM 


ሥ 48 1 8 


„ control Surface 
ھ02٤8‎ 


Trim Tabs (Aft) 
Canards (Bow) 


ን ሚን Bow Thrusters 
Buoyancy 


Control System | 


6 
Actuators | 

Water Pumps 

Valves 


4805 | 


Ballast Control‏ اج 
71 اج 


4007 


Ambient Water 
Environment 


Ballast 
Containers 
m Actuators — 
Air Pumps 
Valves 


ADOS بج‎ 


ء0 


Pneumatic 


Flotation 
Biadders 


FIG. 48 


Aug. 22, 2023 


4604 - 


"I Control System 


U.S. Patent 


4602- 


A Eo. 


Ec 
ሂሪ3 
ሠ 
ዮጋ 


0 


y. 
oo 
در تی‎ 
ኒ 
سس سڈ‎ 


Environment 
Sensors 
Sea State 
Wind 
Current 


ጫኤ 
ረን 
ምራ 


Water Level 
Sensors 


B 

e 

ፌያ፣ 
Á 


A 
a 
1 
Five یو‎ ቁ ላሙ 


Pressure 
Sensors (Air) 


0 


BAN 
دوه‎ 
መው. 
ያ 
ኒ 
一 


U.S. Patent Aug. 22, 2023 Sheet 47 of 51 US 11,733,698 2 


Steath Mode — 
Executiv ve 2 Control] 
ATO1- | Stealth Mode 
4702-, j Messages 
Stealth Mode 
ما‎ Gontral 


1 
=) 


: s በ81 masus] 8 
Suppression ‘Navigation Mode 


Ambient Waler emph» ^ Controller Control 


1 


Hull Spray 
Actuator 


Pul Spray 
Plumbi Ing 
E 5 Nozzles | 


ኑ Frequency 
Generator 


Frequency 
Controller 


رر شض روو P‏ ش ‏ بش PANA RANEH ታታ PH ምታ‏ شش سس سش سس سس [orn‏ 
: 

; 

1 

; 

; y 

H : 


Radio Frequency 
Suppression 
Controler ` 


Emission መጨ COMMUNICATIONS 
Controller Modules 


| 8:85 
— € imitation 
Controller 


Frequency 
Generator 


ፀነ“ eo SIP ووو‎ 


5097 


-— 


M 8ሀ8ሃ‏ سی ا ل 


TET 5፡87 ል tiv 8087 


ታመመ መራራ ሪራ‏ ںی 


ET cd مهم‎ ሪታ 


d ፦ k 


gaa 1007 ሀር፤ TUN dn 


Em 


Sunes 


و ,` ۳ 


ሽህ ርብ LOG? 


CG 9099 zl ዜ8ቅ 109 


US 11,733,698 B2 


Sheet 48 of 51 


Aug. 22, 2023 


U.S. Patent 


U.S. Patent Aug. 22, 2023 Sheet 49 of 51 US 11,733,698 2 


Ambient Air 4913 


prs p 
Bladder | | Biadder 


Air Distribution 
Controller [500] 


pepe 
Air Distribution! |! 
Manifold [810] 


Air Reservoir 
(High Pressure) 
(820) 


Air Air 
Bladder | Bladder 


4919-7 4920 


፦ AQ 
£ age š 


| Electrical Power 


| From Batteries 


Central 
j Processing 
i Control Unit [15] 


Ew Y 
4922 


FiG. 49 


፳05 Od 
L005 8 


2 سس س۱س حم م۴ مگ ا ہا اا 2020000000 211010111010101 
y‏ و ወካ” ቃሥ‏ رسييو ور 
POEs |. ች‏ مز ሪአ‏ 
ጅም ክሽ‏ 


———M 


E po PUE وہ‎ 
n 4 |--ምፎ IE po —— 6009 


9006 ርዕ 


/ 


(005 9009 7005 ¿008 


v05 “Old 


ا 6005 ای سین 


- | በ06 7 / 6005 1 


/ 
ኣታ 


ህ 


— 
መ”‏ م سيير 
“ هحیال یت رتم مدرب 


۱ i 1 /009 8005 一 


አመል” 
š zz yy a, 
ی‎ ም መመመ EE መመመ መመመ رم رر‎ ደመታ መ 

سم ری لت سس سے 


US 11,733,698 2 


Sheet 50 of 51 


Aug. 22, 2023 


U.S. Patent 


U.S. Patent Aug. 22, 2023 Sheet 51 of 51 US 11,733,698 2 


FIG. 51 


US 11,733,698 2 


2 


15 also experiencing increased use of unmanned vehicles. 
Current examples of such use include search and rescue, 
drug interdiction, remote launch and recovery of external 
payloads, autonomous environmental testing, oil spill col- 
lection and monitoring, weather monitoring, and real time 
tsunami data collection and monitoring. The scope of both 
military and civilian uses for unmanned vehicles is expected 
to continue to increase significantly in the coming decade. 

Conventional unmanned vehicle designs typically are 
each limited in scope to a particular operating environment 
and/or beneficial task. In the marine and submarine envi- 
ronments, most current unmanned vehicle designs are based 
on retrofits of manned vehicle designs and, as result, incur 
operational and performance envelope limitations built into 
vehicles designed for carrying people, such as described in 
USS. Pat. No. 7,789,723 to Dane et. al. Alternatively, systems 
designed specifically as unmanned vehicles, such as 
described in U.S. Pat. No. 6,807,921 to Huntsman, typically 
are configured to achieve particular characteristics that are 
conducive to accomplishing a task of interest, such as, for 
example, endurance or underwater performance. However, 
these designs typically preclude achievement of a broader 
range of unmanned vehicle characteristics (e.g., multi-envi- 
ronment, multi-task) for the sake of limited-environment, 
limited-task characteristics. 

There is a need to autonomously launch and recover 
various payloads, including vessels (surface and underwa- 
ter), equipment and people, to perform missions covertly. 
There is a need for the vessels to autonomously perform the 
designated mission while hiding from detection by people or 
objects that could prevent the vessel from successfully 
completing its mission. 

This background information is provided to reveal infor- 
mation believed by the applicant to be of possible relevance 
to the present invention. No admission is necessarily 
intended, nor should be construed, that any of the preceding 
information constitutes prior art against the present inven- 
tion. 


SUMMARY OF THE INVENTION 


With the above in mind, embodiments of the present 
invention are related to an unmanned vehicle including a 
vehicle body, a propulsion system, a maneuvering system, a 
vehicle control system, a rack, a sensor, and a power supply. 
The vehicle body may include a pair of sponsons that may 
be substantially parallel. The propulsion system and the 
maneuvering system may be carried by the vehicle body. 
The vehicle control system may also be carried by the 
vehicle body, and may be used to control the speed, orien- 
tation, and direction of the unmanned vehicle, which may be 
in combination with the propulsion system and the maneu- 
vering system. 

The rack may be carried by the vehicle body. The rack 
may include a retractable mount that may move between a 
down position and an up position. The sensor system may be 
carried by the rack and may include a plurality of transient 
object detection sensors that may sense transient objects in 
an environment of unmanned vehicle. The power supply 
may be carried by the vehicle body. The plurality of transient 
object detection sensors of the sensor system may include a 
sensor adapted to detect an item of interest and may provide 
an item of interest signal to the vehicle control system. 

The vehicle control system may be used to receive the 
item of interest signal. The vehicle control system may 
identify an item of interest classification and may provide a 
classification signal. The classification signal may be deter- 
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1 
SYSTEMS AND METHODS FOR 
AUTONOMOUS SELECTION AND 
OPERATION OF COMBINATIONS OF 
STEALTH AND PERFORMANCE 
CAPABILITIES OF A MULTI-MODE 
UNMANNED VEHICLE 


RELATED APPLICATIONS 


This application is a continuation application of and claim 
priority under 35 U.S.C. $ 120 of U.S. patent application Ser. 
No. 17/164,129 filed on Feb. 1, 2021 and titled SYSTEMS 
AND METHODS FOR AUTONOMOUS SELECTION 
AND OPERATION OF COMBINATIONS OF STEALTH 
AND PERFORMANCE CAPABILITIES OF A MULTI- 
MODE UNMANNED VEHICLE, which in turn is a con- 
tinuation application of and claims priority under 35 U.S.C. 
5 120 of U.S. patent application Ser. No. 16/449,824 filed on 
Jun. 24, 2019 and titled Systems and Methods for Semi- 
Submersible Launch and Recovery of Objects from Multi- 
Mode Unmanned Vehicle, which in turn is a continuation- 
in-part application of and claims priority under 35 U.S.C. $ 
120 of U.S. patent application Ser. No. 15/609,459, now 
17.8. Pat. No. 10,331,131, issued Jun. 25, 2019 filed on May 
3], 2017 and titled Systems and Methods for Payload 
Integration and Control in a Multi-Mode Unmanned 
Vehicle, which in turn is a continuation-in-part application 
of and claims priority under 35 U.S.C. 8 120 of U.S. patent 
application Ser. No. 14/788,231, now U.S. Pat. No. 9,669, 
904, issued Jun. 6, 2017 filed on Jun. 30, 2015 and titled 
Systems and Methods for Multi-Role Unmanned Vehicle 
Mission Planning and Control, which in turn is a continu- 
ation-in-part application of and claims priority under 35 
U.S.C. 8 120 of US. patent application Ser. No. 13/470,866, 
now USS. Pat. No. 9,096,106, issued Aug. 4, 2015 filed on 
May 14, 2012 and titled Multi-Role Unmanned Vehicle 
System and Associated Methods. The contents of these 
applications are incorporated herein by reference. 


FIELD OF THE INVENTION 


The present invention relates generally to the field of 
unmanned, autonomous vehicles. In particular, the invention 
relates to systems and methods for advantageous employ- 
ment of unmanned vehicles that are capable of operating in 
atmospheric, marine, and submarine environments, and that 
are equipped for semi-submersible launch and recovery of 
objects such as vessels, equipment and/or people. 


BACKGROUND OF THE INVENTION 


For decades, use of unmanned vehicles, such as 
unmanned aircraft systems (generally referred to as drones), 
has been increasing as delivery, sensor, and automation 
technologies mature. One advantage of unmanned vehicles 
is the ability to establish large areas of operation with a 
significantly reduced number of people than would be 
required for a manned enterprise. Another advantage is the 
ability to deploy unmanned systems into operational envi- 
ronments that are hostile or dangerous to human beings. 

The United States military is increasing its use of 
unmanned vehicles by all service branches and in all theaters 
of operation. Current examples of planned uses of 
unmanned vehicles in marine and submarine environments 
are for mine and submarine detection, maritime interdiction 
missions, harbor security, and intelligence, surveillance and 
reconnaissance (ISR) missions. The commercial market also 
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frequency limitation system may also include a frequency 
generator that may be configured to output a frequency that 
may be associated with one of the plurality of frequency 
generators. 


BRIEF DESCRIPTION OF THE DRAWINGS 


Some embodiments of the present invention are illustrated 
as an example and are not limited by the figures of the 
accompanying drawings, in which like references may indi- 
cate similar elements. 

FIG. 1 is an exploded solid model view of an unmanned 
vehicle according to an embodiment of the present inven- 
tion. 

FIG. 2 is a top plan view and a side elevation view of an 
unmanned vehicle according to an embodiment of the pres- 
ent invention. 

FIG. 2A is a front elevation view of an unmanned vehicle 
according to an embodiment of the present invention. 

FIG. 3 is a table illustrating air glide parameters of an 
unmanned vehicle according to an embodiment of the pres- 
ent invention compared to air glide parameters to two 
exemplary aircraft known in the art. 

FIG. 4 is a schematic overview of a propulsion control 
system of an unmanned vehicle according to an embodiment 
of the present invention. 

FIG. 5 is a schematic overview of a propulsion system of 
an unmanned vehicle according to an embodiment of the 
present invention suitable for marine and submarine use. 

FIG. 6 is a side elevation view and a bottom plan view of 
a ballast system of an unmanned vehicle according to an 
embodiment of the present invention. 

FIG. 7 is a side elevation view and a top plan view of an 
adjustable center of gravity system of an unmanned vehicle 
according to an embodiment of the present invention. 

FIG. 8 is a side elevation view and a top plan view of a 
pressurization system of an unmanned vehicle according to 
an embodiment of the present invention. 

FIG. 9 is a solid model perspective view of control 
surfaces of an unmanned vehicle according to an embodi- 
ment of the present invention. 

FIG. 10 is a plurality of partial perspective views of 
control surfaces of an unmanned vehicle according to an 
embodiment of the present invention. 

FIG. 11 is a side elevation view and a top plan view of a 
retractable device rack of an unmanned vehicle according to 
an embodiment of the present invention. 

FIG. 12 is a front elevation view representing a retractable 
device rack of an unmanned vehicle according to an embodi- 
ment of the present invention showing the retractable device 
rack in an extended position. 

FIG. 13 is an exploded perspective view of an inter- 
changeable payload deck of an unmanned vehicle according 
to an embodiment of the present invention including a solar 
panel payload module. 

FIG. 14 is a top plan view and a side elevation view of an 
interchangeable payload deck of an unmanned vehicle 
according to an embodiment of the present invention includ- 
ing a wind sail payload module. 

FIG. 15 is a schematic overview of a multi-mode navi- 
gation control system of an unmanned vehicle according to 
an embodiment of the present invention. 

FIG. 16 is a schematic overview of an on-board control 
system of an unmanned vehicle according to an embodiment 
of the present invention. 
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mined by the item of interest classification and may be 
utilized by the propulsion system, maneuvering system, 
vehicle control system, or retractable mount, which may be 
to avoid physical, electrical, acoustic, or thermal detection of 
the unmanned vehicle by the item of interest. 

The maneuvering system and/or the propulsion system 
may be used to position the unmanned vehicle in a location 
that may be calculated to prevent detection of the unmanned 
vehicle by the item of interest. The plurality of transient 
object detection sensors may include one or more electro- 
optical sensors, infrared sensors, radar sensors, lidar sensors, 
acoustic sensors, and/or sonar sensors. The plurality of 
transient object detection sensors may also include one or 
more other sensors to determine a location of the item of 
interest, a velocity of the item of interest, and/or a dimension 
of the item of interest. 

The down position of the retractable mount may be 
defined as the rack being positioned abuttingly adjacent to 
the vehicle body. The up position of the retractable mount 
may be defined as the retractable mount being substantially 
latitudinally extended from the vehicle body. The item of 
interest classification may be an aquatic vessel, a human, a 
mine, an aerial vehicle, and/or a chemical. The unmanned 
vehicle may also include a stealth control system, a thermal 
cloaking system, an acoustic cloaking system, a radio fre- 
quency cloaking system, and/or a radio frequency imitation 
system. The classification signal may be utilized by the 
stealth control system to activate the thermal cloaking 
system, the acoustic cloaking system, the radio frequency 
cloaking system, and/or the radio frequency imitation sys- 
tem. 

The thermal cloaking system may be adapted to decrease 
a temperature of the vehicle body. The thermal cloaking 
system may include a first temperature sensor that may be 
positioned to measure a hull temperature, and a second 
temperature sensor that may be positioned to measure an 
ambient temperature. A target threshold difference between 
the hull temperature and the ambient temperature may be 
determined. The vehicle control system may control the 
propulsion system, maneuvering system, and/or the vehicle 
control system, which may be to maintain an actual differ- 
ence between the hull temperature and the ambient tempera- 
ture less than the target threshold when the thermal cloaking 
system is activated. 

The vehicle control system may control a water spray 
system that may be directed at the exposed hull surface to 
maintain an actual difference between the hull temperature 
and the ambient temperature less than the target threshold 
when the thermal cloaking system is activated. The acoustic 
cloaking system may be adapted to cancel an acoustic 
frequency emitted by the unmanned vehicle. The acoustic 
cloaking system may include an acoustic sensor that may be 
adapted to sense a detectable frequency, and a frequency 
generator that may be configured to output a canceling 
frequency that may be calculated to suppress the detectable 
frequency. 

The radio frequency cloaking system may be adapted to 
alter a radio frequency emitted by the unmanned vehicle. 
The radio frequency cloaking system may also be adapted to 
alter the emitted radio frequency to suppress an emission of 
the radio frequency, change a bandwidth of the radio fre- 
quency, and/or change a duration of transmission of the 
radio frequency. The radio frequency imitation system may 
also be adapted to recreate a target radio frequency. The 
radio frequency imitation system may include a frequency 
library that may include a designation of a plurality of 
frequency generators and associated frequencies. The radio 
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FIG. 38 is a perspective rear view illustrating the semi- 
submersible launch and recovery unmanned vehicle of FIG. 
36 partially submerged below the surface of the water. 

FIG. 39 is a perspective rear view illustrating the semi- 
submersible launch and recovery unmanned vehicle of FIG. 
36 during launch and recovery of a payload object. 

FIG. 40 is a more detailed rear view illustrating the 
semi-submersible launch and recovery unmanned vehicle of 
FIG. 36 during launch and recovery of a payload object. 

FIG. 41 is a perspective rear view illustrating the semi- 
submersible launch and recovery unmanned vehicle of FIG. 
36 on the surface of the water after recovery of a payload 
object and back on the surface of the water. 

FIG. 42 is a block diagram of an autonomous hiding 
system. 

FIG. 43 is a flowchart depicting autonomous hiding 
decision logic. 

FIG. 44 is a flowchart depicting hiding control system 
logic. 

FIG. 45 is a flowchart depicting navigation control system 
logic. 

FIG. 46 is a flowchart depicting orientation control sys- 
tem logic. 

FIG. 47 is a flowchart depicting stealth control logic. 

FIG. 48a is a top plan view of a schematic diagram 
depicting the physical layout of buoyancy control compo- 
nents according to an embodiment of the invention. 

FIG. 48b is a side elevation view of ballast components of 
FIG. 48a. 

FIG. 48c is a side elevation view of floatation components 
of FIG. 48a. 

FIG. 49 is a block diagram of an air distribution controller. 

FIG. 50a is a top plan view of a schematic diagram 
depicting the physical layout of thermal signature suppres- 
sion components according to an embodiment of the inven- 
tion. 

FIG. 505 is a side elevation view of the thermal signature 
suppression components of FIG. 50a. 

FIG. 51 is a schematic depiction of the orientation of the 
vessel in various navigation modes. 


DETAILED DESCRIPTION OF THE 
INVENTION 


The present invention will now be described more fully 
hereinafter with reference to the accompanying drawings, in 
which preferred embodiments of the invention are shown. 
This invention may, however, be embodied in many different 
forms and should not be construed as limited to the embodi- 
ments set forth herein. Rather, these embodiments are pro- 
vided so that this disclosure will be thorough and complete, 
and will fully convey the scope of the invention to those 
skilled in the art. Those of ordinary skill in the art realize that 
the following descriptions of the embodiments of the present 
invention are illustrative and are not intended to be limiting 
in any way. Other embodiments of the present invention will 
readily suggest themselves to such skilled persons having 
the benefit of this disclosure. Like numbers refer to like 
elements throughout. 

In this detailed description of the present invention, a 
person skilled in the art should note that directional terms, 
such as “above,” “below,” “upper,” “lower,” and other like 
terms are used for the convenience of the reader in reference 
to the drawings. Also, a person skilled in the art should 
notice this description may contain other terminology to 
convey position, orientation, and direction without departing 
from the principles of the present invention. 
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FIG. 17 is a schematic overview of an off-board control 
system of a mission planning and control system according 
to an embodiment of the present invention. 

FIG. 18 is a schematic overview of a mission planning 
and control system according to an embodiment of the 
present invention. 

FIG. 19 is a flowchart of a mission control operation for 
an unmanned vehicle according to an embodiment of the 
present invention. 

FIG. 20 is a flowchart of a mission management operation 
for an unmanned vehicle according to an embodiment of the 
present invention. 

FIG. 21 is a flowchart of a mission planning and execution 
lifecycle according to an embodiment of the present inven- 
tion. 

FIG. 22 is a schematic overview of an exemplary three- 
dimensional coverage grid for a mission planning and con- 
trol system according to an embodiment of the present 
invention. 

FIG. 23 is a block diagram representation of a machine in 
the example form of a computer system according to an 
embodiment of the present invention. 

FIG. 24 is a bottom plan view of an unmanned vehicle 
according to an embodiment of the present invention. 

FIG. 25 is 8 side elevation view of an unmanned vehicle 
according to an embodiment of the present invention. 

FIG. 26A is a front elevation view of an unmanned 
vehicle according to an embodiment of the present inven- 
tion. 

FIG. 26B is a rear elevation view of an unmanned vehicle 
according to an embodiment of the present invention. 

FIG. 27 is a top plan view of an unmanned vehicle 
according to an embodiment of the present invention. 

FIG. 28A is a side elevation view of an unmanned vehicle 
according to an embodiment of the present invention. 

FIG. 28B is a front elevation view of an unmanned 
vehicle according to an embodiment of the present inven- 
tion. 

FIG. 29 is a schematic overview of a payload control 
system according to an embodiment of the present inven- 
tion. 

FIG. 30 is a schematic overview of a payload control 
system according to an embodiment of the present inven- 
tion. 

FIG. 31 is a schematic diagram of exemplary payload 
signal and power interfaces according to an embodiment of 
the present invention. 

FIG. 32 is a schematic diagram of exemplary payload 
mechanical interfaces according to an embodiment of the 
present invention. 

FIG. 33 is a schematic diagram illustrating the six degrees 
of freedom related to the operation of an unmanned vehicle 
according to embodiments of the present invention. 

FIG. 34 is a schematic diagram illustrating the layout of 
a buoyancy control system for an unmanned vehicle accord- 
ing to an embodiment of the present invention. 

FIG. 35 is a schematic block diagram illustrating com- 
ponents defining a well deck position control system for an 
unmanned vehicle according to an embodiment of the pres- 
ent invention. 

FIG. 36 is a top view illustrating a semi-submersible 
launch and recovery unmanned vehicle according to an 
embodiment of the present invention. 

FIG. 37 is a perspective rear view illustrating the semi- 
submersible launch and recovery unmanned vehicle of FIG. 
36 on the surface of the water. 
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200 each having a stepped hull 210. The stepped hull design 
may advantageously increase the efficiency of the unmanned 
vehicle 100 by providing lower drag and increased stability 
at speed. The stepped hull 210 may also enhance maneu- 
verability of the unmanned vehicle 100. Referring now 
additionally to FIG. 2A, the catamaran-style stepped hull 
210 additionally may have shape characteristics that provide 
aerodynamic stability and control in the form of a central 
tunnel portion 250 and a central wing-shaped portion 220 of 
the vehicle body 105. The wing 220 may be characterized by 
a leading edge 221, a trailing edge 223, a port edge 226, a 
starboard edge 228, an upper surface 222, and a lower 
surface 224. The two sponsons 200 may be coupled to the 
port 226 and starboard 228 edges of the wing 220, respec- 
tively. Each sponson 200 may be characterized by a proxi- 
mal wall 240 positioned adjacent the centrally-positioned 
wing 220 and a distal wall 260 positioned opposite the 
proximal wall 240. The two proximal walls 240 of the 
sponsons 200 and the lower surface 224 of the wing 220 may 
define a tunnel 250 through which fluid (for example, and 
without limitation, water and/or air) may pass when the 
vehicle 100 is in motion relative to the fluid. The central 
wing-shaped portion 220 of the vehicle body 105 may have 
varying widths according to the mission-driven aerody- 
namic and hydrodynamic characteristics of the unmanned 
vehicle 100. 

Continuing to refer to FIGS. 1, 2 and 2A, aerodynamics 
of the unmanned vehicle 100 are now discussed in more 
detail. More specifically, the unmanned vehicle body 105 
may be shaped such that opposing lift forces may be 
balanced. For example, top of vehicle 222 lift may be caused 
by decreased air pressure resulting from increased air veloc- 
ity, while opposing rear of vehicle lift may be caused by 
increased air pressure resulting from decreased air velocity. 
An increase in angle of attack may cause increased vertical 
lift on the lower surface 224 of the wing defining the tunnel 
250, which may result in an upward force forward of the 
centerline. An increased angle of attack may also cause air 
flow to slow and pressure to increase under the tunnel 250, 
which may result in increased lift with a force vector aft of 
the centerline. The top and rear lift vectors may result in a 
balanced lift rather than rotational forces, so that the vehicle 
body 105 may move in a controlled fashion along its central 
axis. The constrained air tunnel 250 with canards and trim 
tabs (described below) at the points where air enters (e.g.， 
leading edge 221) and exits (e.g., trailing edge 223) may 
enable good control of air flow about the vehicle 100 and 
resulting lift 

FIG. 3 summarizes wind tunnel test results 300 for an 
unmanned vehicle 100 characterized by the aerohydrody- 
namic wing design disclosed above. As illustrated in FIG. 3, 
the unmanned vehicle body 105 may achieve a lift to drag 
(L/D) ratio 320 of 4.6 to 5.0 depending on angle of attack, 
tunnel 250 width, and sponson 200 depth. Test conditions 
predicted a minimum air speed 350 before stall of 65 knots 
for the unmanned vehicle 100 at a maximum angle of attack, 
and good horizontal glide control at 135 knots (horizontal 
landing speed 340). Sample field results included stable 
laminar air flow at 225 knots and balanced forces (L/Weight, 
D/Thrust) at 165 knots. Demonstration of an 80 foot drop of 
the unmanned vehicle 100 resulted in a measured maximum 
air speed of 55 knots and an angle of attack of 25 degrees. 

Continuing to refer to FIG. 3, the aerodynamic charac- 
teristics of the unmanned vehicle 100 are now discussed in 
more detail by comparison to a NASA orbiter (e.g. Space 
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As a matter of definition, “mission,” as used herein, refers 
to an overarching goal to be achieved through some com- 
bination of human, machine, material, and machine assets. 
“Planning,” as used herein, refers to establishing a hierarchy 
of logistical and operational tasks to be accomplished using 
available mission assets, and to be assigned and managed at 
the appropriate level of abstraction. For example, and with- 
out limitation, levels of abstraction for asset assignment may 
include an individual unmanned vehicle being assigned a 
specific task, an unmanned vehicle sub-group being respon- 
sible for a mission sub-goal, and/or a full set of available 
assets being dedicated to an overall mission goal. Therefore, 
planning may involve pre-configuring missions for each 
unmanned vehicle as well as mapping and visualizing 
groups of unmanned vehicles. “Control,” as used herein, 
refers to asset tracking, data collection, and mission adjust- 
ments accomplished in real-time as execution of a plan 
unfolds and as a mission evolves. Control, in the context of 
unmanned vehicle use, may involve selection of deployment 
modes (for example, and without limitation, air, marine, and 
submarine) and operational timing (for example and without 
limitation, active, wait at location, and remain on standby). 

The furtherance of the state of the art described herein is 
based on advantageous employment of the multi-mode 
capabilities of the multi-mode unmanned vehicle disclosed 
in U.S. patent application Ser. No. 13/470,866 by Hanson et 
al., which is incorporated in its entirety herein by reference. 
The mission planning and control system described herein 
applies at least in part to the transit routes of one or more 
unmanned vehicles, each of which may be capable of air 
glide, water surface (e.g. marine), and sub-surface (e.g., 
submarine) modes of operation. For example, and without 
limitation, a single unmanned vehicle may transit across 
multiple modes of operation within a single transit route, and 
the respective transit routes of multiple unmanned vehicles 
across air mode, water surface mode, and sub-surface mode 
may be coordinated by the mission planning and control 
system. 

Mission planning and control, as used herein, involves 
addressing the problem of accomplishing missions by effi- 
ciently and effectively employing some number of 
unmanned vehicles, each capable of multi-mode operation, 
and all coordinated in their actions both temporally and 
geographically. A significant portion of mission planning 
and control involves coordination across large time spans 
and diverse global locations. For example, and without 
limitation, such coordination may involve off-board com- 
mand and control systems that may communicate and may 
integrate with unmanned vehicle on-board systems. Also for 
example, and without limitation, unmanned vehicles may 
coordinate with each other, often in sub-groups, as well as 
coordinate with other assets. 

Referring now to FIGS. 1, 2, and 2A, an unmanned 
vehicle 100 capable of operating in the air, on the surface of 
the water, and underwater according to an embodiment of 
the present invention will now be discussed. Throughout this 
disclosure, the unmanned vehicle 100 may also be referred 
to as a vehicle, an autonomous vehicle, a vessel, or the 
invention. Alternate references of the unmanned vehicle 100 
in this disclosure are not meant to be limiting in any way. 

The unmanned vehicle 100 according to an embodiment 
of the present invention may include a vehicle body 105 
which may be configured as an aerohydrodynamic wing, 
which will now be described in greater detail. The vehicle 
body 105 according to an embodiment of the present inven- 
tion may exhibit the shape characteristics of a catamaran 
including two opposing and substantially-parallel sponsons 
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appreciate that each of the above-mentioned components do 
not necessarily need to be positioned in separate compart- 
ments. The unmanned vehicle 100 according to an embodi- 
ment of the present invention does contemplate that the 
various components may be organized in combined com- 
partments, in one single compartment, in a combination of 
compartments, or in any other configuration. For example, 
and without limitation, the plurality of sealed compartments 
may define an on-board environment inside one or more of 
the sealed compartments, and an external environment out- 
side one or more of the sealed compartments. 

The present invention may include a sensor system to 
collect both vehicle 100 functional systems data and also 
external environmental data. The sensor system may com- 
prise a variable set of sensors of many kinds that collect a 
wide variety of data from disparate sources, an electronic 
communication network over which the sensors may send 
data, and a data processing and routing system for collected 
sensor data. In one embodiment of the present invention, 
data representing the condition of components in the on- 
board environment may be collected by functional sensors 
such as the following: Global Position System (GPS), elec- 
tronic compass, accelerometers, roll, pitch, yaw orientation, 
depth, pressure, temperature, voltage, drive train revolutions 
per minute (RPM), vibration at multiple locations, vehicle 
humidity, fuel level, and charge level. External environmen- 
tal data may be collected by sensors that may include a video 
camera with computer-controlled articulation, zoom and 
night vision; electro-optical/infrared imaging and an audio 
sensor. Optional sensors may include, but are not limited to, 
radar, sonar, chemical and radiation sensors. External sen- 
sors may be mounted on a retractable device rack, as 
described below. Sensor signals may be connected to a 
signal multiplexing unit that may provide signal condition- 
ing and routing, and the multiplexing component may be 
connected to a sensor data processing subsystem that 
includes a computer software component that may be 
located in the vehicle’s 100 central computer. The sensor 
system also may include a sensor data storage system 
comprised of digital storage components that may allow for 
real time data collection and for latent data processing. The 
system may categorize stored data by a number of attributes 
that may include time of capture, device, and data type. 

Still referring to FIGS. 1, 2, and 2A, the vehicle body 105 
may scale proportionally in three dimensions. The vehicle 
body 105 according to an embodiment of the present inven- 
tion may advantageously have a length scaling from about 2 
feet to 70 feet, a beam from about 10 inches to 15 feet, and 
a depth of about 4 inches to 5 feet. The vehicle body 105 
according to an embodiment of the present invention can 
advantageously range in weight from about 5 pounds to 
15,000 pounds. Alternate references of the vehicle body 105 
in this disclosure are not meant to be limiting in any way. 
More particularly, any reference to dimensions above is 
meant for exemplary purposes, and not meant to be limiting 
in any way. 

The vehicle body 105 may be constructed of various 
materials, including fiberglass, carbon fiber, or aramid fiber, 
depending on the relative importance of prevailing design 
factors. For example, and without limitation, if lowering 
construction costs of the unmanned vehicle 100 is an impor- 
tant design factor, the choice of fiberglass as the material for 
the vehicle body 105 may reduce the total cost to manufac- 
ture the unmanned vehicle 100. In another example and 
without limitation, if an important design factor is enhancing 
strength to weight characteristics in the vehicle body 105 for 
the unmanned vehicle 100 to withstand ambient air pres- 
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Shuttle) 310. In one exemplary embodiment, the present 
invention may exhibit the following dimensions: 

Weight: 86 pounds 

Length: 95 inches (7.92 feet) 

Tunnel (wing) length: 90 inches (7.5 feet) 

Tunnel (wing) width: 11 inches 

Height: 12.5 inches 

Total area under tunnel=6.88 square feet 

Weight per wing area=12.5 pounds per square foot 

For purposes of comparison 310, a representative imple- 
mentation of the NASA orbiter is known to exhibit the 
following dimensions: 

Weight: 172,000 pounds 

Length: 122 feet 

Wing span: 78 feet 

Height: 59 feet 

Wing area=5380 square feet 

Weight per wing area=32 pounds per square foot 

As shown in FIG. 3, the present invention comparatively 
may have a slightly better L/D ratio on approach than the 
Space Shuttle Orbiter or, also for example, than the Con- 
corde Supersonic Transport (SST). Moreover, the wing 
surface area to weight ratio 330 on the unmanned vehicle 
disclosed herein is more than twice as good in terms of wing 
loading as the ratio achieved by either the Concorde SST or 
the Space Shuttle Orbiter. 

Those skilled in the art will recognize that the aerody- 
namic characteristics of the unmanned vehicle 100 operated 
in air mode will differ from the hydrodynamic characteris- 
tics of the same unmanned vehicle 100 operated in subma- 
rine mode. For example, and without limitation, underwater 
glide dynamics may differ from air glide dynamics in that 
water is an incompressible fluid and, therefore, lift/drag 
characteristics may be different when the unmanned vehicle 
100 moves through water. In this regard, glide characteris- 
tics underwater may be dominated by drag characteristics as 
balanced across the surface area of the vehicle body 105, the 
glide ratio, and the efficiency of changing from positive to 
negative buoyancy. For example, and without limitation, the 
unmanned vehicle 100 may be configured for sub-surface 
operation that may include underwater glide that employs 
ballast-only motivation, powered thrust, or power-aug- 
mented (e.g., ballast and powered thrust). 

Those skilled in the art will appreciate that the hull 210 of 
the unmanned vehicle 100 does not necessarily have to be a 
stepped hull but, instead, can have any other shape. More 
specifically, it is contemplated that the hull 210 of the 
unmanned vehicle 100 may be smooth, for example, or may 
have any other shape while still achieving the goals, features 
and objectives according to the various embodiments of the 
present invention. 

Referring now back to FIG. 1, the vehicle body 105 of the 
unmanned vehicle 100 may carry a plurality of compart- 
ments to house propulsion and power components 110, 
electrical and control components 120, center of gravity 
adjustment actuators 130, ballast components 140, and inter- 
nally stowed payloads 150. These compartments may be 
sealed from each other by partitions 160 integrated into the 
vehicle body 105 with sealed electrical and mechanical 
interconnections 170. All vehicle compartments are prefer- 
ably sealed from the external environment by hatches 180 
with pressure seals 190 designed for both submarine and 
atmospheric environments. The plurality of sealed compart- 
ments can be pressurized to advantageously allow for deeper 
submerged (e.g., submarine) operation, and may be designed 
to maintain sealed integrity to a submerged depth in excess 
of one hundred (100) feet. Those skilled in the art will 
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batteries 580. Such storage cells, for example and without 
limitation, may include high power density lithium polymer 
batteries or lithium ion batteries. The storage cells may 
receive energy from the electric motors 500 running as 
generators when the unmanned vehicle 100 is under power 
from another source such as diesel 510, turbine 520, or 
nuclear 530 engines. In another embodiment, the storage 
cells may receive energy from photovoltaic cells 590 that 
may be mounted to the vehicle body 105 in a variety of 
mechanical configurations. Such mounting configurations, 
for example and without limitation, may include axial 
hinges with actuators to articulate the photovoltaic cells 590 
outwardly from the vehicle body 105. In one embodiment, 
the photovoltaic cells 590 may be wired to a computer- 
controlled power control and regulator module. A computer- 
controlled switch in the power control module may route 
power from the photovoltaic cells 590 to sets of batteries 580 
for recharge depending on the relative charge state of the 
batteries 580. The regulator module may monitor and adjust 
the charge to the batteries 580 used in the first unmanned 
vehicle 100 embodiment. For example, and without limita- 
tion, another embodiment of battery 580 recharge may 
utilize wave motion to accomplish a low-level recharge by 
mounting a faraday tube along the fore-to-aft axis of the 
vehicle body 105. The faraday tube may be electrically 
connected to power lines in communication with batteries 
580 through a regulator. 

Referring now to FIG. 6, the ballast system of the 
unmanned vehicle 100 according to an embodiment of the 
present invention will be discussed. The ballast system, for 
example and without limitation, may contain mechanisms to 
control the volume of water and air in one or more ballast 
chambers 600 to advantageously vary the buoyancy of the 
unmanned vehicle 100 while submerged and to support 
selective submerging and re-surfacing of the unmanned 
vehicle 100. The ballast system may also be known as the 
buoyancy system because the system may provide for the 
selective submerging and re-surfacing of the unmanned 
vehicle 100 by varying buoyancy. The ballast control 
mechanism may comprise piping 610 and ports 620 to 
enable the flow of water into and out of ballast chambers 
600. Electric water pumps 630 may be activated by the 
ballast control system 640 to control ballast levels which 
may be monitored by ballast sensors 650. A pressure tank 
660 may be vented into the ballast chamber 600 and the air 
flow between the pressure tank 660 and the ballast chamber 
600 may be regulated by locking electronic valves 670 that 
may be controlled by the ballast control system 64. The 
pressure tank 660 may enable fast evacuation of the ballast 
chamber 600 and also evacuation of the ballast chamber 600 
when other means are not available rapidly. 

Ballast ports 680 may be located on the bottom surface of 
the vehicle body 105 which may enable water to be fed into 
the ballast tanks 600 when the unmanned vehicle 100 is in 
motion, which may enable fast submersion. A ballast port 
680 located on a device rack 690 positioned on the top ofthe 
vehicle body 105 may enable water to be routed into the 
ballast chambers 600 when the unmanned vehicle 100 is in 
a top-down position in the water. Filling the ballast cham- 
bers 600 while top-down may advantageously enable the 
unmanned vehicle 100 to autonomously self-right, both at or 
below the surface of the water. In another embodiment, for 
example and without limitation, a ballast port 680 located on 
a device rack 690 may allow routing of air or water to the 
ballast chambers 600 and, in so doing, may allow the 
unmanned vehicle 100 to operate underwater without fully 
surfacing, which may be advantageous for stealth objectives. 
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sures during aerodynamic flight or glide as well as to 
withstand ambient water pressures when submerged in water 
to hundreds of feet, the choice of aramid fiber as the 
construction material for the vehicle body 105 may be 
desirable. Those skilled in the art will appreciate, however, 
that the unmanned vehicle 100 according to an embodiment 
of the present invention may be constructed of any material, 
and that the materials mentioned above are exemplary in 
nature, and not meant to be limiting. According to an 
embodiment of the present invention, a vehicle body 105 
constructed of disclosed materials less than 0.125 inches 
thick may exhibit a high tensile strength to counter the 
pressures at hundreds of feet under water as well as to 
support a controllable low pressure differential across the 
exterior of the vehicle body 105 during atmospheric flight. 

Referring now to FIG. 4, a propulsion system 400 of the 
unmanned vehicle 100 according to an embodiment of the 
present invention will now be discussed. The propulsion 
system 400 may include a combination of propulsion control 
modules 410 and propulsion mechanisms 420 that may, 
either autonomously or in response to remote controls, 
propel the unmanned vehicle 100 in the air, on the surface 
of the water, and underwater. The propulsion mechanisms 
420 may employ vectored thrust mechanisms that may, for 
example and without limitation, include turbines and pro- 
pellers. 

Still referring to FIG. 4, the propulsion system 400 may 
include a propulsion executive 430, a propulsion registry 
440, and a transmission control module 450. The propulsion 
executive 430 may accept instructions for speed and pro- 
pulsion type from the navigation executive 470 and may 
send control signals to direct the desired propulsion mecha- 
nisms 420 to engage using the transmission mechanism 460. 
The instructions to the propulsion executive 430 from the 
navigation executive 470 may be in the form of relative 
changes to speed, including the ability to reverse direction, 
as well as to the mode of propulsion. Several different types 
of propulsion systems are contemplated for use in connec- 
tion with the unmanned vehicle 100 according to embodi- 
ments of the present invention. Details regarding the several 
different types of propulsion systems are provided below. 

Referring now to FIG. 5, an example propulsion mecha- 
nism 420 of the unmanned vehicle 100 according to an 
embodiment of the present invention is discussed in greater 
detail. Power supplies for all modes of use of the unmanned 
vehicle 100 may, for example and without limitation, 
include a variety of motors such as electric 500, diesel 510, 
turbine 520, and nuclear 530. Embodiments of the 
unmanned vehicle 100 according to the present invention 
may include all or some subset of the hybrid power sources 
disclosed. 

Still referring to FIG. 5, in some embodiments of the 
present invention the unmanned vehicle 100 operating in 
marine and submarine modes may use a plurality of propel- 
lers 540 or water jets as vectored thrust. Power may be 
supplied to propellers 540 by electric motors 500 or by 
diesel 510, turbine 520, or nuclear 530 engines through a 
computer-controlled transmission 550. A turbine engine 520 
may be substituted for the diesel engine 510. The diesel 510 
and turbine 520 engines may be fueled by, for example and 
without limitation, common diesel fuel 560, kerosene, and 
jet-x. The propulsion control system may include an elec- 
tronic fuel control 570 to regulate the fuel supplied to the 
diesel 510 and turbine 520 engines. 

Still referring to FIG. 5, the unmanned vehicle 100 
according to embodiments of the present invention may 
make use of energy captured in storage cells such as 
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pressure valve 803 actuator and the air pump 802. The 
navigation control system (described in more detail below) 
may contain logic that may determine the optimal pressure 
differential set point and may send this information in the 
form of digital instructions across a computer network to the 
pressurization control system 805. The pressure control 
logic may send control signals to actuator controllers that 
operate the air pump 802 and relief valve 803. 

To increase the internal pressure in a pressurized com- 
partment inside the vehicle body 105, the pressure relief 
valve 803 from the pressure tank 800 may be opened. To 
decrease the internal pressure in a pressurized compartment 
inside the vehicle body 105, the pressure relief valve 803 
between the compartment inside the vehicle body 105 and 
the environment external to the vehicle body 105 may be 
opened. In both cases, a control algorithm in the pressur- 
ization control system 805 may determine the frequency and 
duration of opening and closing the pressure valves 803. 

A pressure sensor 804 may monitor the pressure tank 800 
and may send this signal periodically to the pressure control 
system 805. When the pressure in the pressure tank 800 may 
fall below a given level, as may be configured in the pressure 
control system 805 logic, the pressure control system 805 
may issue a request to pressurize to the navigation system 
which, in turn, may issue a request to pressurize to the 
off-board mission control and on-board control system mas- 
ter. These systems may have logic and configurations that 
may determine when pressurization may be authorized. 
When pressurization is authorized, instructions are sent to 
the pressurization system to pressurize. 

Referring now to FIGS. 9 and 10, the control surfaces 900 
of the unmanned vehicle 100 according to an embodiment of 
the present invention will be discussed. In one embodiment 
of the present invention, control surfaces 900 may be affixed 
to the vehicle body 105 to advantageously support physical 
maneuvering of the unmanned vehicle 100 in the air, on the 
surface of the water, and below the surface of the water. The 
control surfaces 900, for example and without limitation, 
may be comprised of forward canards 905, rear trim plates 
910, and rudders 230, all of which may be affixed externally 
to the vehicle body 105. In one embodiment, for example 
and without limitation, a rudder 230 may be mounted on a 
strut that may be positioned substantially near the stern of 
the vehicle body 105. The unmanned vehicle 100 may also 
include propeller thrusts 920 which may be vectored. 

Still referring to FIGS. 9 and 10, electronic position 
sensors 1010 may be attached to each control surface 900 
and position signals may be relayed to the control surface 
control system 930, which may apply control logic to 
determine desired control surface 900 adjustments. In one 
embodiment, each of the control surfaces 900 may be 
independently articulated by electric motor actuators 1000 in 
response to control signals received by that control surface 
900 from the control surface control system 930. For 
example and without limitation, the front canards 905 may 
articulate independently in two directions for a maximum 
roll condition, and the rear trim tabs 910 may also articulate 
bi-directionally. 

Referring now to FIGS. 11 and 12, the device rack of the 
unmanned vehicle 100 according to an embodiment of the 
present invention will be discussed. The device rack, for 
example and without limitation, may include a retractable 
mount 1100 that may articulate from the vehicle body 105 
and that may hold sensors 1200, communication antennae 
1210, and a ballast port 680. In one embodiment, for 
example and without limitation, mounting points including 
mechanical, power and signal mounts may be provided at 
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Referring now to FIG. 7, the center of gravity system of 
the unmanned vehicle 100 according to an embodiment of 
the present invention will be discussed. The center of gravity 
system, for example and without limitation, may include 
mechanisms to control the center of gravity of the unmanned 
vehicle 100 along the two perpendicular axes for roll and 
pitch. The center of gravity control system may include 
internally threaded weights 700 which may encase threaded 
actuator rods 710 that may be fixed to rotational bearings 
720 on one end and electric motor actuators 730 on the other. 
The electric motor actuators 730 may be controlled by the 
center of gravity control system 740 that supplies power and 
signal to the electric motors. Sensors on the linear actuators 
provide feedback to the center of gravity control system 740 
as to position and speed of motion of the controlled, inter- 
nally threaded weights 700. 

Referring now to FIG. 8, the pressurization system of the 
unmanned vehicle 100 according to an embodiment of the 
present invention will be discussed. The pressurization sys- 
tem, for example and without limitation, may contain a 
pressure tank 800 that may be able to hold gaseous material, 
such as air, at a minimum gas pressure of 500 PSI with a 
sealed hull of an unmanned vehicle 100 to advantageously 
enable vehicle body 105 strength-to-weight characteristics 
during selective operation of the unmanned vehicle in the 
air, on the surface of the water, and below the surface of the 
water. In one embodiment, the pressure tank 800 may be 
carried within a compartment inside the vehicle body 105. In 
another embodiment, the pressure tank 800 may be affixed 
to the inside ofthe sealed hull ofthe vehicle body 105 which 
itself defines a watertight chamber. Bidirectional seals in the 
sealed hull may be applied to any openings, vents, ports, and 
moving services carried by the vehicle body 105 to maintain 
a pressurizable space within the unmanned vehicle 100. 

Still referring to FIG. 8 in a further embodiment, for 
example and without limitation, pressurized spaces within 
the vehicle body 105 may vent 801 via piping to the exterior 
of the vehicle body 105. In one embodiment, for example 
and without limitation, the piping lines may be vented to the 
vehicle body 105 exterior through the device rack 690. In a 
further embodiment, for example and without limitation, an 
electrically actuated air pump 802 capable of transferring air 
into the pressure tank 800 may be connected to an air port 
via piping line that may employ locking electronic valves 
803 to regulate the intake of air through an air port and into 
the pressure tank 800. 

Still referring to FIG. 8 in a further embodiment, a locking 
electronic valve 803 that is in the “normally closed" position 
may be connected to a piping line that may connect to the 
pressure tank 800 and may vent 801 inside the vehicle body 
105. In a further embodiment, for example and without 
limitation, a locking electronic valve 803 that is in the 
“normally closed" position may be connected to a piping 
line that may vent 801 air from inside the vehicle body 105 
to the vehicle body 105 exterior. All internal compartments 
in the unmanned vehicle 100 may be connected via piping 
lines to both external vents 801 or to internal vents between 
compartments. 

Continuing to refer to FIG. 8, pressure sensors 804 may 
be affixed inside the vehicle body 105 and external to the 
hull of the vehicle body 105 and may send internal and 
ambient pressure information to the pressurization control 
system 805. The pressure control system 805 may be a set 
of software programs running on a set of microprocessors 
that may have control algorithms that may receive inputs 
from the sensors 804 previously mentioned, may calculate 
the differential pressure, and may produce outputs to the 
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carry auxiliary solar panels 1340 for electrical recharge and 
may contain flat form factor batteries 1350 that may provide 
auxiliary power which may advantageously extend the 
operational duration of the unmanned vehicle 100. 

Although FIG. 13 demonstrates the unmanned vehicle 
100 having the capability to interchange payload decks 
directly on the vehicle body 105, the unmanned vehicle 100 
may also, for example, and without limitation, include a 
towing apparatus for towing external payloads. For example, 
and without limitation, towable payloads may include trans- 
port sleds for people, material, and fuel. Such a towing 
apparatus may support power and signal connections to the 
unmanned vehicle 100 to which the apparatus is engaged, 
permitting advantageous employment of auxiliary towable 
payloads such as, for example, and without limitation, solar 
sleds to extend running time and sensor arrays to hunt mines 
and/or submarines. A towable sled, like the unmanned 
vehicle 100 with which the sled may be deployed, may be 
configured to operate underwater or on the surface of water, 
which may be advantageous for missions conducted in 
dangerous or contested environments where stealth or cover 
(underwater) is important. 

In one embodiment of the external payload towing fea- 
ture, a Mobile Unmanned Target Practice System may be 
characterized by mission planning and control instructions 
advantageously operating some number of unmanned 
vehicles 100, each configured with a towing apparatus and 
a towing sled. Current manned methodologies for position- 
ing, simulating, and assessing military targets limit deploy- 
ment options and practice locations. The unmanned target 
practice system described herein may advantageously 
enable target practice to be done in an expanded range of 
conditions and locations, allowing for more “organic” target 
practice. For example, and without limitation, such a target 
practice system may comprise unmanned vehicles 100 
equipped with control systems and mechanical configura- 
tions for towing and releasing targets as external payloads. 
Such towable targets each may be configured with retract- 
able center keels for stability in a surface water environment. 
The towable targets may also feature retractable target flags. 
Alternatively, or in addition, towable targets may also be 
configured as radio-controlled target vessels. For example, 
and without limitation, an unmanned vehicle 100 may be 
configured as a “relay station” to remotely operate some 
number of radio-controlled target vessels. 

Referring now to FIG. 14, the payload deck, for example 
and without limitation, may provide mechanical, power, and 
signal connectivity for an additional form of propulsion that 
may be supplied by a retractable hard sail affixed to an 
interchangeable payload module. In one embodiment, for 
example and without limitation, two hard wing sails 1400 
with central masts 1410 may be mounted on horizontal 
cylinders 1420 that may rotate and may be driven by electric 
motor actuators 1430. The hard wing sails 1400 may have an 
aerodynamic wing shape 1440 that may provide additional 
lift when the unmanned vehicle 100 sailing upwind on the 
surface of the water. The hard sails 1400 may be rotated 
around the axis of their mounting mast 1410, which may be 
accomplished by splitting the masts 1410, articulating the 
sections independently, and mounting electric motor actua- 
tors 1480 between mast sections 1410. The hard sails 1400 
can be rotated in two axes and stowed in the payload bay in 
a horizontal position 1490. Position sensors may be mounted 
on the actuators between mast sections 1410 that may be 
connected to the navigation control system through a wiring 
connection that may run through bulkhead connectors 
between the payload deck and the vehicle body 105. 


40 


45 


55 


60 


65 


15 


the device rack for sensors 1200 and communication anten- 
nae 1210. In another embodiment, ballast ports 680 may be 
located on either side of the retractable mount 1100, to 
which electric wiring and ballast piping may be routed from 
inside the vehicle body 105 through pressure sealed bulk- 
heads. The device rack may be constructed of various 
materials including, for example and without limitation, 
aramid fiber as an outer cover which may be disposed over 
an aluminum tube frame. 

Still referring to FIG. 11, in one embodiment, for example 
and without limitation, the device rack may be actuated by 
electric motors under computer control such that the device 
rack can be retracted into a *down position" 1110 which may 
present the least drag and visibility of the unmanned vehicle 
100. In another embodiment, for example and without 
limitation, the device rack may be actuated by electric 
motors under computer control such that it can be extruded 
into a full *up position" 1120 which may present better 
surveillance, communication, and ballast reach. In one 
embodiment, for example and without limitation, the retract- 
able mount 1100 may be actuated in the form of a lever arm 
that may, to accomplish articulation and retraction, swing 
rotationally about a hinge that may be fixed at a mount point 
located substantially adjacent to the surface of the vehicle 
body 105. In another embodiment, for example and without 
limitation, the device rack may be actuated in the form of a 
telescoping member that may extrude and retract in a vector 
substantially perpendicular to the member's deployment 
point on the surface of the vehicle body 105. A person of 
skill in the art will immediately recognize that the opera- 
tional value of the multi-mode vehicle 100 may be largely 
dependent on the payloads the vehicle 100 may carry and 
how effectively those payloads may be made usable to 
consumers. Common payloads include various sensors (e.g. 
cameras, sonar), communications units (e.g., radios) and 
electronic devices (e.g. electronic warfare). Such payloads 
come in many shapes, sizes, power requirements and inter- 
faces, as well as environmental ruggedness characteristics. 
The unmanned vehicle 100 of the present invention may 
advantageously present a general purpose platform config- 
ured to integrate many different payloads. Consumers and/or 
payload providers may have a need to quickly integrate 
different sensors into an unmanned vehicle 100. 

In certain embodiments of the present invention, the 
unmanned vehicle 100 may be configured to carry varying 
types and amounts of payload in one or more operational 
modes, including on the surface of water, underwater, and in 
the air. For example, and without limitation, the vehicle 100 
may be configured to carry such payloads internal to the 
vehicle body (e.g., internally stowed payload 150 in FIG. 1, 
as described above). Also for example, and without limita- 
tion, the vehicle 100 may be configured to augment the basic 
hull structure and to receive a mountable payload deck to 
advantageously provide additional payload capacity, as 
described in more detail below. 

Referring now to FIG. 13, the payload deck of the 
unmanned vehicle 100 according to an embodiment of the 
present invention will be discussed. The payload deck, for 
example and without limitation, may provide mounting 
points for an interchanging payload deck 1300. In one 
embodiment, the mounting points may include mechanical 
mounting mechanisms 1310, power connections 1320, and 
signal connections 1330. Connections and mount points may 
be fully, hermetically sealed for underwater operation of the 
unmanned vehicle 100. The vehicle body 105 may be itself 
fully sealed and may operate without a payload deck. In one 
embodiment of the present invention, a payload deck may 
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In one embodiment of the present invention, as illustrated 
in FIG. 24, a center sponson 2410 may be added to the hull 
structure of the vehicle 100 (hereinafter referred to as 
vehicle embodiment 2400) and may be centrally positioned 
between the two existing sponsons 200 to advantageously 
increase payload carrying capacity for the vehicle 2400 
overall. More specifically, the center sponson 2410 may 
create additional lift through increased displacement and 
upward force from water flow as the center sponson 2410 
moves forward through water. As a direct consequence of 
this upward force, high performance characteristics may be 
maintained because, as speed increases, the vehicle 2400 
may lift onto the primary port and starboard sponsons 200 
which may advantageously remove drag that may be caused 
by the additional surface area introduced by the center 
sponson 2410. 

Still referring to FIG. 24, the front of the sponson 2410 
toward the bow of the vehicle 2400 may be characterized by 
a deep V-Hull shape 2420. As the sponson 2410 transitions 
aft, the sponson 2410 may flatten out to a low deadrise hull 
and pad bottom 2430. The center sponson 2410 so designed 
may advantageously provide additional lift when operating 
on the surface of water because the sponson 2410 may 
provide displacement that increases as it descends below the 
water line. The angle and shape of the center sponson 2410 
may provide lift as water flows across it from bow to stern 
of the vehicle 2400. On either side of the center sponson 
2450, a gap 2450 may be defined between the center 
sponson 2410 and each side sponson 200 (port and star- 
board). This gap 2450 may define part of the tunnel 250 (as 
described above, except necessarily split by the center 
sponson 2450 into two generally parallel tunnels) that may 
allow for air flow and lift at higher speeds in such a way as 
to advantageously maintain good high speed performance of 
the vehicle 2400. 

Referring to FIGS. 25, 26A, and 26B, additional charac- 
teristics of the sponson 2410 of the vehicle 2400 are now 
described in detail. For example, and without limitation, the 
center sponson 2410 may define an inclined plane as it 
moves aft (e.g., progress from first point 2410 through 
second point 2510 to third point 2430), which may advan- 
tageously provide lift in addition to displacement of the 
sponson 2410 when vehicle 2400 is moving. Viewed from 
front to rear of the vehicle 2400, the sponson pad may be 
above the port and bow sponson portion relative to water 
line (2610 such that at high speeds, the sponson 2410 may 
remain above the water line. The design of the sponsor 2410 
is such that a gap 2620 may be maintained on either side of 
the center sponson 2410 to advantageously allow air flow 
and lift which may advantageously maintain stability with 
low drag. The gap 2610 may be sized relative to total tunnel 
volume and tunnel width (2630). 

In another embodiment of the present invention, as illus- 
trated in FIG. 27, outboard extensions 2710 may be added to 
the hull structure of the vehicle 100 (hereinafter referred to 
as vehicle embodiment 2700) on both port and starboard 
sponsons 200 to advantageously increase payload carrying 
capacity. In yet another embodiment, the sponson extensions 
2710 may be removable. In yet another embodiment, the 
extensions 2710 may be part of the base hull mold. The 
addition of sponson extensions 2710 may increase the 
displacement of the vehicle 2700 at low speeds as payload 
weight increases. The addition of the extensions 2710 out- 
board of the current vehicle 100 profile may advantageously 
add roll stability at low off-plane speeds while maintaining 
good high performance characteristics because a) as speed 
increases, the sponson extensions 2710 may rise up causing 
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Still referring to FIG. 14, for example and without limi- 
tation, solar panels 1450 may be affixed to the outer surfaces 
of the hard sails 1400 which may provide solar recharge 
capability. The solar panels 1450 may be connected to the 
payload electrical system which may be connected to the 
vehicle electrical power system through a bulkhead connec- 
tor between the payload deck 1460 and the vehicle body 
105. Additional solar panels 1470 may be mounted in the 
bed of the payload deck for additional solar energy collec- 
tion and also may be connected to the vehicle electrical 
power system. In other embodiments, the payload deck, may 
provide mechanical, power, and signal connectivity for 
payload modules that may provide auxiliary capabilities in 
the form of, for example and without limitation, wind energy 
collectors, video surveillance, and weapons systems. 

As described above, the device rack and/or payload deck 
may provide mechanical, power, and signal connectivity for 
any number of interchangeable payload modules and/or 
auxiliary mounts. In this manner, the unmanned vehicle 100 
may be outfitted with working appendages of various form 
and function. Such appendages may advantageously provide 
utility in multiple modes, as the appendages may be inte- 
grated with the body 105 of the unmanned vehicle 100 so 
that unmanned vehicle 100 may operate effectively in the air, 
on water, and underwater. Such appendages may be config- 
ured with specialized capabilities (e.g., magnetic, tele- 
scopic) or specialized tools, depending on the needs of a 
particular mission. 

In one embodiment, for example and without limitation, 
the payload deck may support a single (e.g., *simple") arm 
and gripper, which may be positioned in a substantially- 
central payload bay (e.g., interior compartment) of the 
unmanned vehicle 100, which may be advantageous in terms 
of reach capability. In another embodiment, the payload 
deck may support a *bat wing" configuration, which may be 
defined as two appendages each characterized by a shoulder, 
some number of arms, and some number of grippers. For 
example, and without limitation, a bat wing appendage 
configuration may include two appendages attached, respec- 
tively, to each side of the unmanned vehicle 100, and each 
having a "shoulder" mechanism that may support motion 
with three degrees of freedom. Each appendage may also 
include arm sections having connecting “elbows,” and each 
elbow may support motion with either two or three degrees 
of freedom. Each appendage may also include hand sections, 
each of which may have gripping/holding capability and 
may support motion with three degrees of freedom at a 
“wrist.” Also for example, and without limitation, each 
appendage may comprise a flexible, thin film material posi- 
tioned between the arm sections that form wings that may be 
made of (or, alternatively, coated with) thin-film solar. 
Advantages of “bat wing" design for use with a multi-mode 
unmanned vehicle 100 is that the design may provide 
efficient retraction and storage for surface efficiency, 
increased wing surface for air or sub-surface gliding, solar 
energy harvesting either in water surface mode or slightly 
sub-surface, and wind propulsion in water surface mode. 

A person of skill in the art will immediately recognize that 
employing the unmanned vehicle 100 to carry heavy pay- 
loads, as in the examples illustrated in FIGS. 13 and 14 and 
subsequently described above, the vehicle 100 may be 
expected to experience increased displacement in the water. 
To counteract the negative impact on performance that 
increased displacement may cause, the hull design shown 
and described above for FIGS. 1-3 may be advantageously 
altered to include an additional sponson. 
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the capabilities described above may involve underwater 
current vectoring and may include merging with (riding) 
underwater currents for motion, avoiding underwater cur- 
rents that oppose navigation direction, and exploiting under- 
water thermals. 

In one embodiment, for example and without limitation, 
the navigation control system 1500 may order functional 
responses from a navigation executive 470, control surfaces 
900 and control surfaces control system 930, propulsion 
executive 430, ballast control 640, and center of gravity 740 
subsystems. The multi-mode navigation control system 
1500 may enable the unmanned vehicle 100 to operate on 
the surface of the water, submerged underwater, and in 
controlled glide or flight in the air by coordinated computer 
control of the vehicle control surfaces 900, ballast 640, 
center of gravity 740 and mode of propulsion 430 according 
to logic and sensor input that may be matched to the 
operating environment in which the unmanned vehicle 100 
may be operating. The computer-controlled subsystems for 
each control activity may be connected in a computer 
network which may enable communication between each 
control subsystem and coordination by a control executive. 

For example, and without limitation, navigation directives 
may originate from a mission control system 1505 when all 
systems may be operating normally, or from the on-board 
master control system 1510 in the event of an exception 
condition, for example, if the mission control system 1505 
may be not operating reliably or if a critical subsystem may 
be operating abnormally. The navigation executive 470 may 
translate instructions for consumption by each subsystem. 
The navigation executive 470 includes a navigation sub- 
systems registry 1520 by which it may register and store 
information about the navigation subsystems that may be 
available on the unmanned vehicle 100, including the signal 
format and semantics by which instructions may be com- 
municated to them. 

As mentioned above, the navigation control system 1500 
of the present invention may control navigation and orien- 
tation of the vehicle 100 in multiple modes. This capability 
may be exemplified by the ability to maintain direction and 
stability at speeds of typically between 100 to 200 knots on 
the surface of the water, orientation and depth control 
underwater, and controllable glide and flight paths in the air. 
The ability to control navigation and vehicle 100 orientation 
in multiple modes may be achieved by autonomous com- 
puter control of vehicle control surfaces 930, ballast control 
640, and vehicle center of gravity control 740. The control 
systems of all three of these elements may themselves be 
under coordinated control by the multi-mode navigation 
control system 1500. Further, the multi-mode navigation 
control system 1500 may control propulsion 400 which also 
may affect vehicle 100 orientation in combination with the 
other navigation systems. The systems that control these 
elements may employ computer-controlled actuators and 
feedback sensors for closed loop real-time control. 

For example, and without limitation, the multi-mode 
navigation control system 1500 may include optimization 
instructions regarding speed and orientation. The orientation 
control function of the navigation control system may cal- 
culate the optimal changes in control surfaces 900 and center 
of gravity 740 and may send instructions to the navigation 
executive 470 which may issue instructions to the control 
surface control system 930 and the center of gravity control 
system 740. A velocity control function of the navigation 
control system 1500 may calculate propulsion required and 
may send the signal to the propulsion control system 430 via 
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less surface contact and therefore less drag, and b) the center 
tunnel configuration 250 configured to control air flow and 
lift may be maintained. The sponson extensions 2710 may 
exhibit minor air drag effects at very high speeds. 

For example, and without limitation, the sponson exten- 
sions 2710 may exhibit one or more of the following 
characteristics: 

(1) positioned equilaterally port and starboard; 

(2) constructed of the same aramid material as the vehicle 
hull (e.g., carbon fiber); 

(3) shaped to follows the hull contour; 

(4) each external sponson 2710 may runs aft and termi- 
nate where the vehicle transom begins (i.e., stepped hull 
shape ends); 

(5) the front of each extension sponson 2710 may begin 
just aft of the vehicle sponson bow rake (i.e., where the 
sponsons flatten out); 

(6) in one embodiment, sponson extensions 2710 may be 
removable (e.g., affixed to the hull with water proof bolt 
assemblies); 

(7) in another embodiment, external sponsons 2710 may 
be made as part of the hull mode (e.g., permanent); 

(8) the external sponson width may be adjusted depending 
on the payload weight; 

(9) the external sponson width may vary in width asym- 
metrically to allow for more displacement where the payload 
is located; 

(10) the starboard external sponson 2740 may be charac- 
terized by through ports 2730 that may allow water to flow 
freely between it and the starboard main sponson (e.g., this 
feature may advantageously facilitate for self-righting of the 
vehicle 2700). 

Still referring to FIG. 27, and referring additionally to 
FIGS. 28A and 28B, additional characteristics of the spon- 
son extensions 2710 of the vehicle 2700 are now described 
in detail. For example, and without limitation, the bottom of 
the external sponson 2710 starts above the external “water 
line” step 2880 that is longitudinal along the hull 200. The 
aft end of the external sponson 2710 may terminate where 
the transom begins 2740 and may not overhang the stepped 
portions of the hull. The width 2890 of the external sponson 
2710 may be variable depending on payload weight. A port 
location 2710 that allows water flow between starboard 
external and internal sponsons 2710 may be necessary for 
self-righting. (Not shown: a port side water port may be 
added to enable underwater multi-mode operation.) 

Referring now to FIG. 15, the navigation control system 
1500 of the unmanned vehicle 100 according to an embodi- 
ment of the present invention will now be discussed in more 
detail. The navigation control system 1500, for example and 
without limitation, may act as the on-board governor of the 
speed, direction, orientation, mode and propulsion type for 
operation of the unmanned vehicle 100. Navigation of the 
unmanned vehicle 100 includes both underwater and air 
glide capabilities as transit route alternatives. Underwater 
activity may include powered or un-powered operation (e.g., 
underwater glide). Advantageous underwater activity may 
include “sit and wait,” “power through,” or “glide until.” 
Advantageous air activity may include air drop into high 
seas, which may involve picking an angle of entry and 
direction of entry that may be best matched to prevalent 
wave patterns. Examples of advantageous use of the multi- 
mode navigation capabilities described above may include 
patrolling coastal areas in the surf zone, navigating through 
storm conditions, air drop search and rescue in heavy seas, 
optimizing energy use through all seas states, and surfing 
(riding) waves to save energy. Other advantageous uses of 
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determined speed, and the control surfaces control system 
930 may operate the control surfaces 900 to achieve the 
instructed orientation. 

When an unmanned vehicle 100 is autonomously navi- 
gating between two points in a transit route, the navigation 
control system 1500 may generate directives to other on- 
board control system components to change speed and 
direction based on detected wave activity. The navigation 
control system 1500 may analyze the wave activity and 
autonomously adjust the transit route to achieve best speed, 
energy efficiency, and/or vehicle safety (e.g., least likely to 
overturn). Alternatively, or in addition, the on-board control 
systems (including the navigation control system 1500) may 
accept instructions from a remote-control station that may 
notify the unmanned vehicle of weather and/or sea state 
conditions in order to equip the navigation control system 
1500 to select the best mode of vectoring. In one embodi- 
ment, the navigation control system 1500 may be put in a 
“maximum endurance” mode, which may comprise execut- 
ing algorithms to exploit the most efficient use of the 
propulsion systems 430 that the vehicle 100 has on board. In 
a preferred embodiment for endurance, such a configuration 
may include wind sail propulsion 1400, current propulsion, 
underwater glide propulsion, and solar recharge 1450. In 
such a hybrid-propulsion configuration, the time endurance 
of the unmanned vehicle 100 may be virtually unlimited 
from a motive power standpoint. 

For example, and without limitation, water current exter- 
nal to the vehicle 100 may be determined by the navigation 
control system 1500 from maps and algorithms, and sensors 
for wind speed and direction may be activated by the 
navigation control system 1500 to perform data collection. 
The navigation control system 1500 may be configured with 
algorithms to choose the most effective path segments and 
overall plan for minimum energy consumption. For 
example, and without limitation, if the vehicle 100 is prox- 
imity to an ocean current moving from west to east, and also 
to a prevailing wind moving in substantially the same 
direction, the navigation control system 1500 may choose a 
path to tack up wind generally in a westerly direction, and 
then ride the current in an easterly direction without aid of 
wind to maximize the time of the path on current propulsion. 
Alternatively, or in addition, mission control system 1505 
algorithms may determine that underwater glide mode is the 
most desirable mode with the current for surveillance rea- 
sons. In this case, the unmanned vehicle 100 may sail east 
to west on the surface, and then glide underwater west to 
east. In this mode of operation, very little energy may be 
consumed and, with solar recharge 1450, the unmanned 
vehicle 100 may actually experience a net gain in energy 
over this path. Employing the systems and mechanisms 
described above, the navigation control system 1500 may 
advantageously accomplish autonomous navigation of the 
unmanned vehicle 100 through various sea states for “fast- 
est, cheapest, safest” patterns, that may include both surface 
and sub-surface patterns, and that also may include air-drop 
patterns of entry into an operational environment. 

Referring now to FIG. 16, the on-board control system 
1600 of the unmanned vehicle 100 according to an embodi- 
ment of the present invention will now be discussed. The 
on-board control system 1600 may comprise an on-board 
master control subsystem 1510, for example and without 
limitation, that may exercise local authority over all com- 
mand, control and communications related to operation of 
the unmanned vehicle 100. In one embodiment, for example 
and without limitation, on board control system 1600 may 
interact with additional subsystems that may include a 
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the navigation executive 470. A flight control function of the 
navigation control system 1500 may enable powered flight 
and aerodynamic gliding. 

For example, and without limitation, the mission control 
system 1505 may send instructions to the navigation execu- 
tive 470 of the multi-mode navigation control system to 
initiate a mission segment that has an environmental mode 
of “air glide to water entry.” The navigation executive 470 
may, in turn, send instructions over a computer network or 
internal computer bus to activate the flight control function 
of the navigation control system 1500 and to prompt other 
subsystems to become slaves to the flight control function of 
the navigation control system 1500. The flight control func- 
tion may monitor sensor input for altitude, orientation (e.g., 
roll, pitch, yaw) and speed, and may send control instruc- 
tions to the control surfaces control system 930 and the 
center of gravity control system 740. The flight control 
system may store parameters for optimal orientation and 
speed characteristics of the vehicle 100 and may also contain 
logic to operate the control surfaces 900 and center of 
gravity 740 accordingly. Altitude and infrared sensor input 
may be fed to the navigation executive 470 that may indicate 
approach to the water surface. As this approach occurs, the 
navigation executive 470 may issue new instructions to the 
flight control function of the navigation control system 1500 
as to optimal orientation for entering the water, and the flight 
control function may issue instructions based on stored logic 
to the control surfaces 930 and center of gravity control 740 
systems to achieve the optimal vehicle 100 orientation. 
Acceleration, temperature, and pressure sensor data may be 
fed to the navigation control systems 1500 that indicate 
water entry. 

When water entry occurs, the navigation executive 470 
may send instructions to the flight control function of the 
navigation control system 1500 to shutoff and may initiate 
logic for underwater operation that may determine charac- 
teristics to achieve stable orientation of the vehicle 100 
underwater. Instructions may be sent to the control surfaces 
930, center of gravity 740, and ballast control 640 systems 
for this purpose. Also, the navigation executive 470 may 
send an electronic message over the computer network to the 
mission control system 1505 signifying that the vehicle 100 
has entered and is under the water. The mission control 
system 1505 may store information that indicates the next 
mission segment and may also contain logic to translate the 
segment information into environmental mode of operation, 
speed, orientation, direction and duration. The mission con- 
trol system 1505 then may send instructions pertaining to 
navigation characteristics of the next segment back to the 
navigation executive 470. For example, and without limita- 
tion, the next segment may be water surface operation at 15 
knots with a specified directional heading. 

Also, for example and without limitation, the navigation 
executive 470 may execute logic for surfacing the vehicle 
100 that includes instructions to the control surfaces 930, 
ballast 640, and center of gravity 740 systems. Depth, 
pressure, temperature and directional sensor input may be 
fed to the navigation executive 470 and, as the vehicle 100 
surfaces atop the water, the navigation executive 470 may 
select the propulsion mode and may initiate propulsion 
according to configuration parameters stored in computer 
memory. Speed and direction instructions may be issued by 
the navigation executive 470 to the propulsion control 
system 400 and control surfaces control system 930. Each of 
these systems may accept sensor inputs, the propulsion 
system 400 may control the propulsion mechanisms to the 
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As described above, the on-board control system 1600 
may further include the payload control system 1630 that, 
more specifically, may enable control of a wide variation of 
payloads and may coordinate the payload behavior with the 
behavior of the vehicle 100. For example, and without 
limitation, payload components may include sensor arrays, 
robotic devices, unmanned aerial vehicles (launch and 
recovery), and energy sources such as solar arrays. In certain 
embodiments of the present invention, the payload control 
system 1630 may manage multiple payloads simultaneously. 
A person of skill in the art may immediately recognize that 
the design and operation of the payload control system 1630 
may be similar to the design and operation of the device rack 
control system 1620, except that the former 1630 may allow 
for multiple unknown payloads. 

Referring now to FIG. 29, a schematic of an embodiment 
of the payload control system 1630 will now be discussed in 
detail. The payload control system 1630 may include a 
payload control executive 2902, individual payload compo- 
nent control modules 2903, and a payload communication 
module 2904. The payload control modules 2903 and pay- 
load communication module 2904 may be operably con- 
nected to individual payloads 2907. Using the payload 
registry 2906, the payload control executive 2902 may 
register the payload, the payload devices, the corresponding 
control modules 2903 and information about how to com- 
municate 2904 to each payload module 2903. The payload 
control executive 2902 may receive signals from sensors and 
instructions from system control components as to desired 
operation of the payload and information requested from the 
payload. For example, and without limitation, the payload 
2907 may include a high-resolution video camera with 
articulation and zoom capabilities and its own control actua- 
tors and signal processing. The mission control system 1505 
may issue instructions to the payload control executive 2902 
to turn the camera on and point it in a particular orientation 
and/or with a particular zoom level. The mission control 
system 1505 may issue instructions as to the routing and 
processing of the video information collected. The payload 
control executive 2902 may translate the instructions 
received from the mission control system 1505 into instruc- 
tions and signals the video camera control system can use. 
Additionally, the payload control executive 2902 may route 
and translate signals from the vehicle sensors to the camera 
control system. In this case, the camera control system may 
be provided orientation of the vehicle 100 such that it could 
actuate the video camera in accordance with the instructions. 
The video camera data output would be collected and routed 
in accordance with the mission control system 1505 instruc- 
tions. 

Referring additionally to FIGS. 30, 31, and 32, the 
following terms are significant to rapid payload integration 
as advantageously provided by the present invention: 

Payload Enclosure: A payload 3110 may be housed in a 
payload enclosure 3210 with standard connection 3130, 
3180 and mechanical characteristics 3230 as described 
above. While the signal connection 3140, 3150 and power 
connection 3160, 3170, as well as internal mounting schema 
may be standard, the actual size, shape and external mount- 
ing characteristics 3240 may vary depending on location 
within the vehicle 100 and physical requirements of the 
sensor. In addition to providing uniform interfaces, the 
payload enclosure of FIG. 32 may provide protection from 
the multi-mode environment, and primarily protection from 
water incursion. For example, and without limitation, this 
protection may be accomplished with standard pressure 
seals 3260 and enclosures 3220 designed for the vehicle 100 
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mission control system 1505, multi-mode navigation control 
system 470, propulsion and power control system 1610, 
device rack control system 1620, payload control system 
1630, communication control system 1640, sensor control 
system 1650, as well as a perception-reaction system 1605, 
self-test and operational feedback control system 1660, life 
cycle support and maintenance system 1670, and external 
system interaction control system 1680. The on-board mas- 
ter control system 1510 may enable multi-mode operation, 
autonomous operation, and remote manual control of the 
unmanned vehicle 100. 

In one embodiment, for example and without limitation, 
the on-board master control system 1600 of the present 
invention may be comprised of software programs that may 
reside on computer storage devices and may be executed on 
one or more microprocessors also referred to as central 
processing units (CPU). Inputs to these software control 
modules may originate as instructions that may be sent from 
other on-board control systems, as instructions that may be 
generated from off-board control systems and communi- 
cated to on-board systems, and as sensor data input that the 
control programs may monitor. The output of the software 
control programs may be digital control signals that may be 
translated to electronic control signals that may be consum- 
able by motor-controlled actuators that may operate the 
mechanical components of the unmanned vehicle 100. Soft- 
ware control module outputs also may be connected to a 
computer network on the unmanned vehicle 100 and all 
control modules may be connected to a computer network 
onboard the unmanned vehicle 100. 

The unmanned vehicle 100 according to embodiments of 
the present invention may be configured for rapid integration 
of various sensors by employing a “plug-in” design 
approach where interfaces exposed to the systems of the 
vehicle 100 may be standard and where interfaces exposed 
to the sensor are variable. The sensor interface may be 
translated to a standard system 100 interface which may 
allow the sensor to be “plugged in" to the vehicle's 100 
system. This general approach to interfaces may be imple- 
mented on several levels and may apply to the following: 

(1) Mechanical mounting points; 

(2) Signal and Power connections; 

(3) Logical interfaces; 

(4) Data processing schemes; and 

(5) Communication schemes. 

Certain embodiments of the present invention may pro- 
vide one or more of the following advantages: 

(a) enablement of rapid swapping of many different 
payloads in the field; 

(b) presentation to payload providers of a readily avail- 
able integration platform (resulting in shortened develop- 
ment cycles on the order of days and weeks rather than 
weeks and months). 

As described in more detail below, mechanical interfaces, 
which include signal and power connectors as well as 
mounting points may be embodied as part of an enclosure 
that is resistant to the multi-mode environment. A number of 
embodiments of payload enclosures exist that vary in size, 
shape and mounting locations within the vehicle 100 that 
accommodate various sensor interfaces and which adhere to 
the standard vehicle 100 interfaces so that they may be 
“plugged in". Also, as described below, “payload control” 
may be integrated with mechanical, signal and power inter- 
faces and may be extended to include communications 
control and data processing control. Referring to the system 
block diagram from the original provisional patent, the 
architecture is the same and supports the “plug-in” model. 
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its control sequence, it may initiate the installed payloads 
according to the configured logic set and may report initia- 
tion status. 

Once initialized, the payload control system 1630 may 
run continuously and may execute according to logic and 
according to remote operator control. The mechanisms for 
remote operator control may involve a user operating a 
control station 3020 performing a read of the payload 
registration and configuration from the vehicle 100 and 
activating user control interfaces according to pre-pro- 
grammed instructions that are part of the payload configu- 
ration. Additional remote control may be achieved when the 
payload has a direct communication link enabled that 
bypasses the vehicle 100 logic and may enables access to 
payload controls natively in its own metaphor. 

Referring now to FIG. 17, the off-board mission control 
system 1700 of the unmanned vehicle 100 according to an 
embodiment of the present invention will now be discussed. 
The unmanned vehicle 100 of an embodiment of the present 
invention may, for example and without limitation, operate 
in full autonomy, partial autonomy or full manual control 
modes. The on-board mission control system 1600 may 
accept signals from the off-board mission control system 
1700 (also known as the Master Off-board Management 
System) that may indicate the degree of control and may 
establish operation control of the unmanned vehicle 100 by 
enabling or disabling the required mission control logic. The 
Master Off-Board Management System 1700 may provide 
registration, navigation, communication, and network inte- 
gration of the off-board management subsystem modules 
and may provide a graphical user interface menu and 
software module navigation system that may provide access 
to various modules. Sub-systems may be physically separate 
but may be available over a network of networks, some 
number of which may be characterized by different proto- 
cols and bandwidth characteristics. The Master Off Board 
Management System 1700 may integrate various other man- 
agement and control systems. 

Referring now to FIGS. 17 and 18, a multi-vehicle, 
multi-mode planning and control system may comprise a 
central off-board planning and control system, a set of 
off-board control systems that are networked together with 
the central control system, a set of unmanned vehicles with 
on-board vessel control systems, and a networked commu- 
nication system that connects on-board unmanned vehicle 
control systems with off-board control systems. For 
example, and without limitation, FIG. 17 is a schematic 
overview depicting an embodiment of the functional mod- 
ules of the off-board mission control system 1700. The 
major functional modules of the off-board mission control 
system 1700 may include a Fleet Management Module 
1710, a Mission Management module 1720, and a Vehicle 
Management module 1730. These and other off-board sys- 
tems may be connected on a common computer network 
1810 where all sub-systems may be uniquely identified and 
any system may communicate with any other system to send 
and receive data and digital signals. Off-board control sys- 
tems 1700 may include software programs and digital stor- 
age means that may enable autonomous vehicle control 
operations, and the off-board systems 1700 also may include 
human interfaces in the form of “graphical user interfaces” 
(GUIs) displayed on human readable devices such as flat 
screen monitors, tablet devices and hand-held computer and 
cell phone devices. 

The present invention may advantageously enable coor- 
dinated operations across a large number of unmanned 
vehicles 100 that may be deployed across the globe. The 
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environment. The payload enclosure of FIG. 32 may accom- 
modate varying physical characteristics, such as clear view- 
ing apertures 3250 for cameras and below deck mounting for 
heavy electronics. The following interface descriptions 
relate to the payload enclosure (FIG. 32) and connections to 
it. 

Signal Interface: A payload 3110 may be housed in an 
enclosure 3210, 3220 with standard interfaces for power 
3180 and signal 3130. Examples of standard signal inter- 
faces connections may include USB, Ethernet, Serial (DB9) 
and a GIO (General 10) connection interface with standard 
pin configurations. These standard signal interfaces may be 
connected to one side of a water resistant, pressure rated 
bulkhead connector 3140, 3160 on the inside of the enclo- 
sure 3210, 3220. On the outside interface, the quick connect 
style connector 3140, 3160 may be connected to a wiring 
harness 3150, 3170 with known signal mapping to the 
internal signal inputs that may be, in turn, connected to the 
vehicles 100 mission control system 1505 and/or known, 
identified input locations. 

Communications Interface: To accommodate payloads 
3110 that require an independent communication channel, 
there may be internal connections in the enclosure for 
antennae connections. On the outside interface, environ- 
ment-proof connectors 3140, 3160 may be connected to a 
wiring harness 3150, 3170 that may terminate at locations 
where antennae may be secured to the hull of the vehicle 
100. 

Power Interface: Inside the enclosure (FIG. 32) may be 
another set of standard interfaces for power 3180, 3190, 
which may feature heavier gauge wire for power transmis- 
sion. Multiple sets of plus and minus paired connections 
3180 may be available for various voltages and ground 
connection. These connectors 3180 may be joined via a 
bulkhead connector 3160 that may be environmentally resis- 
tant and rated for the power to be carried. On the outside 
interface, the quick connect style connector 3160 may be 
connected to a wiring harness 3170 that may be on a 
digitally controlled relay that may turn power off and on as 
needed to the payload 3110. This digitally controlled relay 
may be controlled from the payload control system 1630. 

Mechanical Mounting: Inside the payload enclosure 3210, 
3220 may be a number of standard internally threaded 
standoffs to which the payload 3110 may be secured. For 
example, and without limitation, these fasteners may take 
the form of directly bolting the payload 3110 to the inside of 
the box or fastening the payload 3110 to an intermediary 
plate or container that may then be fastened to the standard 
mounting points 3230. 

Logical Control: As an extension to the original plug-in 
design of the payload control system 1630, advantages 
compared to the known art include configurable components 
for handling communication paths, data processing of pay- 
load generated data, power management of payload power 
and remote control of the payload. Remote control of the 
payload may be autonomous logic or direct operator control. 
The mechanism for this may be described as follows: 

Each payload type may be registered with the payload 
control system 1630. Part of the registration may include a 
configuration of the particular payload 3110. This configu- 
ration may be read when the payload 3110 is initiated and 
may include directives as to which components and logic 
apply to the payload 3110. When a payload is installed on 
the vehicle 100, it may be registered and configured as 
“installed”. When the payload control system 1630 initiates 
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further may include a Fleet Maintenance System 1716 that 
may store maintenance records for each vehicle, self-test 
history, maintenance plans, maintenance orders, and main- 
tenance status. The Fleet Maintenance System 1710 may 
further contain a software program module that may com- 
pare maintenance activity and status for each vehicle against 
the maintenance plan for each vehicle. The software pro- 
gram may contain algorithms to determine when mainte- 
nance events are needed or warranted for each vehicle; and 
may provide notification of these events by means of reports 
that may be retrieved by people, of proactive email alerts, or 
of notifications on human readable computer interfaces. The 
Fleet Management System 1710 may provide a software 
program with data retrieval and reporting algorithms, a GUI, 
and input means for people to interact with the system and 
retrieve information about the fleet of unmanned vehicles. 

Still referring to FIG. 17, for example and without limi- 
tation, the off-board mission control system 1700 may 
include functions to remotely manage individual unmanned 
vehicles 100. In one embodiment, real-time tracking 1710 
and video feeds may allow remote operators to control 
specific unmanned vehicles 100 and to monitor the status of 
each unmanned vehicle 100 while in mission operation 
1720. In another embodiment, human interfaces for remote 
operators of unmanned vehicles 100 in the form of graphical 
user interfaces (GUIs), for example and without limitation, 
may be displayed on human readable devices such as flat 
screen monitors, tablet devices, and hand held computer and 
smart phone devices. Off board mission control databases 
and software programs may register, classify, and execute 
mission logic that may have inputs and outputs communi- 
cated to and from specific sets of unmanned vehicles 100 or 
individual unmanned vehicles 100. 

As illustrated in FIG. 18, in one embodiment, the on board 
1600 and off board 1700 systems that may collaborate to 
control one or more unmanned vehicles 100 may be linked 
through a common communication network protocol 1810, 
for example and without limitation, internet protocol (IP). 
The common network protocol 1810 may be a communica- 
tion layer that may work in combination with multiple 
transmission means that may include radio frequency (RF) 
and satellite microwave between on board 1600 and off 
board 1700 systems, as well as wired means such as Ethernet 
on wired networks. In a further embodiment, the off board 
systems 1700 may have databases and software programs 
that may operate in concert and on a shared network 1810 
that may extend off board remote control of unmanned 
vehicle 100 sets. In one embodiment, for example and 
without limitation, a communication network may enable 
the off board mission system 1700 to advantageously man- 
age and control many unmanned vehicles 100 within com- 
munications range of the shared network 1810. In a further 
embodiment, on board subsystems 1600 of many unmanned 
vehicles 100 may exchange data and digital signals and, in 
series, may relay those data and digital signals to an other- 
wise out of range off board control system 1700, thereby 
advantageously extending the range of remote control and 
communication capability across a fleet of unmanned 
vehicles 100 which may result in coverage of larger opera- 
tional areas with more unmanned vehicles 100 and fewer 
human operators. 

For example, and without limitation, off-board control 
systems 1700, which may comprise databases and software 
programs, may register, classify, and execute mission logic 
and may exchange inputs and outputs with specific sets of 
unmanned vehicles or with individual unmanned vehicles 
100. Such data exchange may be supported by a common 
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unmanned vehicles 100 may have 8 number of embodiments 
of operational characteristics and may potentially support a 
large number of payload variations. The Fleet Management 
System 1710 may include a fleet inventory module for 
unmanned vehicles 100, payloads, and related utility sys- 
tems. The inventory system may store information on each 
unmanned vehicle 100, including vehicle specifications, 
sub-systems, payloads, sensors, operational status, opera- 
tional history, current location, and availability. Unmanned 
vehicle information may be provided to the system 1710 by 
upload from the unmanned vehicle self-test and operational 
feedback system, which may be initiated automatically by 
the unmanned vehicle (as described below). Alternatively, 
software program, graphical user interface, and input means 
may be provided by the fleet management system 1710 so 
that human operators may enter Information into the system 
1710 manually. Application program interfaces (APIs) or 
interface services may be provided by means of software 
modules in the fleet management system 1710 that may 
allow external computer systems to transmit and receive 
data without human intervention or, alternatively, with a 
person simply triggering the data transfer through a user 
interface but not actually entering the data himself. The 
software programs that may constitute the Fleet Manage- 
ment system 1710 may be modular and separable from each 
other, even though these programs may inter-communicate. 
A subset of the programs that may run logic that interacts 
with the unmanned vehicle self-test and operational feed- 
back system may be executed separately on devices that may 
collect unmanned fleet and operational data. These data may 
then be uploaded to a fleet management system 1710 
through a connected network 1810. Such asynchronous 
upload capability may be advantageous for inventory situ- 
ations wherein unmanned vehicles 100 may be briefly 
powered up and interrogated, before losing data communi- 
cation with a network 1810 that may be shared with the Fleet 
Management System 1710. 

Continuing to refer to FIG. 17, the Fleet Management 
module 1710 may include a Fleet Inventory module 1712, a 
Fleet Logistics Management Module 1714, and a Fleet 
Maintenance Module 1716. The Mission Management mod- 
ule 1720 may include a Multiple Mission Management 
Module 1722, a Mission Planning module 1724, a Mission 
Simulation and Training module 1726, a Mission Readiness 
Module 1727, a Mission Execution Module 1728, and a 
Mission Data Processing module 1729. The Vehicle Man- 
agement module 1730 may include a Vehicle Pilot Control 
Module 1732, a Vehicle Maintenance Module 1734, and a 
Vehicle Readiness Module 1736. As described above, the 
Fleet Management modules 1710, the Mission Management 
modules 1720, and the Vehicle Management modules 1730 
may be characterized as software programs executing on 
digital computers with human readable output devices and 
human input devices. These modules may be connected on 
a common computer network 1810 and all modules and 
subsystems may be uniquely identified by network address 
and unique names that may be registered in a namespace 
registry with information as to how to communicate with 
each module. All subsystems of the off-board control system 
1700 may be accessible to all other subsystems and may 
transmit and receive data among each other in sets or 
individually. Security measures may be added to control 
access between systems or to systems by selected users. 

For example, and without limitation, the Fleet Manage- 
ment System 1710 may include a Fleet Logistics system 
1714 that may track spare parts, orders, shipments, and 
vehicle process status. The Fleet Management System 1710 
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ter, and/or if the situation or mission requires, as a remotely 
controlled unit. A remote-control unit/user interface may be 
implemented, for example, and without limitation, as 
devices such as Droids, Phones, Pads, Netbooks, Laptops, 
Joysticks, and Xbox controllers. The control mode prece- 
dence may be set prior to the start of the mission. The control 
system master default precedence may be autonomous 
mode. In addition, control provisions may be made in 
unmanned unit logic that may allow a unit to be completely 
“off the grid” to perform missions that require a high level 
of stealth, secrecy, and/or security. More specifically, these 
units may act as their own master and may be programmed 
to initiate communications at predefined intervals that may 
be modified as required. These units also may have the 
ability to go dormant for extended periods of time, which 
may further support the ability for unmanned vehicles 100 to 
perform virtually undetectable mission execution. 

At Bloc, 1940, the Mission Execution Control and Track- 
ing modules also may allow for the real time tracking of all 
unmanned vehicles 100. This capability may include meth- 
ods such as satellite tracking, GPS tracking, and transpon- 
der-based tracking. Communication channels may be redun- 
dant and may utilize various levels of military encryption. 
Tracking may be performed at the fleet level, yet may also 
support the ability to zoom in on a specific unmanned 
vehicle 100. The specific unmanned vehicle tracking data 
may be overlaid with detailed data such as live video feeds, 
real time pilot perspective viewing, sensor displays, and 
other relative data. Analysis of sensor data by on-board 
control systems may detect “events” of interest. Data char- 
acterizing these events may be stored in the unmanned 
vehicle on-board control system logic and may be reported 
a message transmitted to the Mission Control System. For 
example, and without limitation, an event may be defined as 
a positive identification of a particular target. Periodic 
vehicle and fleet level self-tests for tracking may occur as 
background tasks. These self-tests may flag and log excep- 
tions detected, as well as may send a notification to the 
Mission Control System depending on the class of the 
exception. 

At Block 1950, the Mission Execution Operations module 
may define how the unmanned units 100 perform opera- 
tional tasks. During a mission, as a primary function, the 
unmanned vehicle 100 may monitor its ISR (or similar) 
sensors, as well as sensor input received from external 
sources (e.g., other unmanned vehicles in the fleet, Mission 
Control inputs) on a real time basis. As part of this moni- 
toring process, exception handling may be performed. Com- 
putational logic may then be performed that may include 
analysis, decision making, and the execution of a series of 
tasks to fulfill mission parameters. Also, during a mission, as 
a secondary function, the unmanned vehicle may monitor its 
payload sensors. As in the case of primary monitoring, 
exception handling, analysis, decision making, and mission 
task specifically related to payload may be performed. 

At Block 1960, the Mission Completion module may be 
designed to close out the unmanned fleet after a mission, 
may status all vehicles, may perform any required mainte- 
nance of the vehicles, and/or may return them to fleet 
inventory ready for the next mission. Vehicle recovery may 
be performed in multiple ways. For example, and without 
limitation, unmanned vehicles may be driven to a pickup 
point or recovered on location. The unmanned vehicles 100 
may be recovered directly by military personnel, military 
equipment, by other vehicles in the unmanned fleet and 
similar recovery methods. The unmanned vehicles 100 may 
be recovered either above or below water, as well as shore 
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network 1810 that may uniquely identify entities on the 
network to each other. On-board control systems 1600 may 
equip an unmanned vehicle 100 to behave autonomously 
and report events experienced by the unmanned vehicle 100. 
Off-board control systems 1700 may direct the operations of 
sets of unmanned vehicles and may have databases and 
software programs for storing and executing mission logic. 
The inputs and outputs exchanged across the network 1810 
may enable management and control of many vehicles and 
missions by the off-board control system 1700, thereby 
advantageously covering larger maritime areas with more 
vehicles and fewer human operators. The off-board man- 
agement and control systems 1700 also may advantageously 
enable management of maintenance and logistics of fleets of 
unmanned vehicles throughout multiple missions over the 
life cycles of many vehicles. The characteristics of the 
unmanned vehicle described above (e.g., autonomous mul- 
timode operation, small size, and the ability to deploy a large 
number of vehicles over a target area) pose a fleet, mission, 
and vehicle management challenge. As described above, the 
capability of the off-board system to integrate and commu- 
nicate with the respective on-board modules of some num- 
ber of unmanned vehicles may facilitate advantageous fleet 
management activities, such as registration, tracking, locat- 
ing, and records maintenance (as described in more detail 
below). 

Referring now to FIG. 19, mission execution functionality 
is now described in more detail. A Mission Initialization 
module (Block 1910) may allow for an orderly and sequen- 
tial initialization for all mission vehicles. Initialization may 
include, but is not limited to, the downloading of both 
critical and non-critical mission data. This data may be 
secure and/or partitioned data. Initialization also may 
include, but is not limited to, performance of a “roll call” of 
all vehicles. This step may provide for a check in of primary, 
secondary, and/or tertiary platoons of unmanned vehicles. 
Each vehicle 100 may respond to a roll call with its positive, 
unique and, as required, encrypted identification. Commu- 
nication protocols may provide for redundant and periodic 
identification updates. Initialization also may include, but is 
not limited to, all unmanned vehicles 100 performing a basic 
power up self-test (POST) and the reporting of these results. 
At this stage, the unmanned vehicles 100 may enter the 
Mission Initiation state (Block 1920), maybe commanded 
into a dormant state to await further mission instructions, 
and/or may be outfitted with unique or mission specific 
payloads. 

At Block 1920, mission Initiation may comprise the 
orderly and sequential initiation for all mission vehicles 100. 
For example, and without limitation, initiation may include 
establishing basic and enhanced communication by and 
between all unmanned vehicles, as well as establishing any 
external communications dictated by mission needs. Initia- 
tion also may include, but is not limited to, the powering up 
of all on-board systems 1600 and the performance of 
detailed diagnostic self-tests by all unmanned vehicles 100 
involved in the mission (e.g., self-tests of advanced sensors, 
power systems, control systems, energy systems, and pay- 
load systems). At this stage, the initial control modes may be 
set, the mission directives may be activated, and the 
unmanned vehicles 100 may be launched either in sequence 
or in parallel, the latter being advantageous for mass/time 
critical mission deployment. 

At Block 1930, one or more Mission Execution Control 
and Tracking modules may allow for the control of each 
unmanned vehicle 100 as an autonomous unit or units, as a 
semi-autonomous unit or units assisted from a control cen- 
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continuous status messages to the on-board control system 
which may multiplex input status messages and may have 
logic to translate incoming message and sensor data into 
instructions back to the subsystems. 

Referring now to FIG. 20, an automated Multiple Mission 
Management 2000 process may provide a set of sub-systems 
that may enable a complete, end-to-end capability for plan- 
ning and executing a number of concurrent missions, which 
may be advantageous within a large maritime target area 
wherein a number of missions may be required to success- 
fully cover the area. For example, many coastal areas are 
made up of a combination of a large open area, a number of 
zones close to shore with different characteristics, populated 
harbors, and riverine zones that extend well inland. In such 
a diverse target area, unmanned vehicles may be air dropped 
or deployed (man portable) to small surgical inland targets. 

The concept of a “mission” may be specific to each 
unmanned vehicle 100, and/or may be aggregated across 
sets of unmanned vehicles. The Multiple Mission System 
may enable the management of multiple missions through- 
out the entire mission life cycle. When missions are initiated, 
they may be recorded by the Multiple Mission System and 
then throughout each mission life cycle may be tracked, 
updated, and executed. The Multiple Mission System also 
may manage concurrently executing missions and may 
provide a security capability to allow access to only autho- 
rized users. Employing the systems and methods described 
above, the present invention may enable the use of many 
unmanned vehicles 100 to cover large maritime areas with 
minimal operators at a fraction of the cost compared to 
conventional approaches to cover the same area. 

Continuing to refer to FIG. 20, a Mission Planning 
module 2010 may support modeling of trial missions that 
employ unmanned vehicle capabilities. More specifically, 
the Mission Planning module 2010 may allow for construct- 
ing coverage grids, time-on station duty cycles, communi- 
cation parameters, perception-reaction attributes, rules of 
engagement, rules of notification, exception handling rules, 
and payload operation. The Mission Planning module 2010 
also may allow overlaying the vehicle 100 paths on an 
accurate digital map of the target coverage area and also may 
include underwater mapping. For example, and without 
limitation, the modeling capability described above may be 
used to simulate missions of fleets of unmanned vehicles 
100. Such simulation may be advantageous for purposes of 
training and/or for planning and strategy. 

For example, and without limitation, a Mission Simula- 
tion and Training module 2020 may enable mission plans to 
be “run virtually” with various scenarios including varia- 
tions in weather, sea state, and external system encounters. 
Operators may interject simulated manual control of 
unmanned vehicles. The Mission Simulation and Training 
module 2020 may provide a valuable estimate as to the 
likely success of the planned mission under various sce- 
narios. 

Also, for example, and without limitation, a Mission 
Readiness module 2030 may enable planned missions to 
become ready for execution. When a planned mission is put 
in “prepare” mode, the mission preparation module may 
interact with the Fleet Management systems 1710 to deter- 
mine logistics activities and may enable the user of the 
system to assemble a mission fleet of unmanned vehicles 
100. Mission Preparation functionality may provide tracking 
and reporting functions to allow the user to know the state 
of mission readiness. 

Also, for example, and without limitation, a Mission 
Execution System 2040 may provide the functions necessary 
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or rivers edge, and similar locations. Before, during, or after 
recovery operations, the identity of each unmanned vehicle 
100 may be checked, demanded self-tests may be per- 
formed, and the status may be reported. Any required 
vehicle maintenance may be performed including checking 
all internal and external systems. At this point, the 
unmanned vehicle may be returned to the fleet and the 
inventory status may be updated. 

Tying the mission-level actions more specifically to on 
board actions in response, upon vehicle initialization (Block 
1910), the Control System Master 1510 may issue a startup 
command across a computer network to prompt the on- 
board mission control system 1600 to perform self-test and 
operational feedback, and to send an on-line status back to 
the Control System Master 1510. At Block 1920, the on- 
board mission system 1600 then may issue start up com- 
mands to all other on-board systems. Each system may start 
up, perform a self-test, and forward success or failure 
messages across the network to the Control System Master 
1510. The Control System Master 1510 may be configured 
1700 to start up in autonomous or manual control mode and 
also may be configured with a designator of the current 
mission (Block 1930). If in manual control mode, a ready 
signal may be sent to the Control System Master 1510 and 
the on-board systems may await manual commands. If in 
autonomous control mode, the on-board control system 
1600 may be activated with the designator of the current 
mission and the Control System Master 1510 may hand off 
primary control to the on board control system 1600. The 
Control System Master 1510 may be given back primary 
control if the on-board control system aborts, is diagnosed as 
malfunctioning, or is over-ridden by manual control. The 
on-board control system 1600 may be programmed with 
mission segments that define navigational, sensor, and pay- 
load operating characteristics in a time and logic sequence. 
At Block 1950, the on-board control system 1600 may issue 
continually updated instructions to vehicle subsystems as to 
course and speed (e.g., vector), mode of operation (air, water 
surface, subsurface), sensor data collection, stealth, payload 
operation, and interaction with external environments, 
events and entities. The on-board control system 1600 may 
receive a continuous stream of data from sensors and may 
interrogate sensors for more granular data through instruc- 
tions to the sensor system. The on-board control system 
1600 may issue higher level instructions to subsystems that 
are decomposed by the vehicle control subsystems into more 
specific instructions. This decomposition of more general 
instructions to more specific instructions may be a multi- 
level process that may result in specific signals consumable 
by vehicle devices and mechanisms. For example, the on- 
board control system 1600 may issue an instruction to the 
navigation control system 1500 to navigate in a directional 
heading, within a speed range having maximum endurance. 
The navigation control system 1500 may execute logic and 
may, in turn, issue lower level instructions over the computer 
network to the subsystems it controls. The on board control 
system 1600 may also issue instructions to a power control 
system 1610 for maximum endurance; a perception-reaction 
system 1605 as to allowable reaction parameters; the device 
rack control system 1620 as to device rack orientation; the 
payload system 1630 as to current operational behavior; the 
communication control system 1640 as to channels and 
formats of communication; the sensor control system 1650 
as to the environmental sensors to activate and the param- 
eters for each as well as the sensor data to collect; and an 
external system interaction control system 1680 as to current 
behavioral attributes. All control subsystems may provide 
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swarm technology may include coordinated on-board and 
off-board control. By contrast, conventional swarm control 
involves swarming in one “mode”, meaning vessels operate 
in one of three modes (e.g., air, surface, sub-surface) rather 
than in two or three modes. As described herein, multi-mode 
control guides unmanned vehicles in three modes. A single 
unmanned vehicle may traverse multiple modes executing a 
transit route. 

As described above, a military mission may have a 
specific objective in a specific area and may be time-bound. 
Multi-mode swarm, as described herein, may be accom- 
plished at the mission level. As illustrated in FIG. 22, 
three-dimensional (3D) deployment may be considered a 
special category of multi-mode swarm control driven by the 
mission planning. 3D Deployment missions may be accom- 
plished on a global scale, although the mission “target zone” 
may be in a concentrated and designated area. Swarms, in 
such a scenario, may be comprised of one or more group- 
ings, and such groupings may be hierarchically organized 
(e.g., analogous to military units: team, platoon, squadron). 
A mission plan, in this same scenario, may be thought of as 
a set of mission maps. 

For example, and without limitation, a 3D Deployment 
may comprise an airdrop of a squad (10) of unmanned 
vehicles, deployment of a platoon (40) of unmanned 
vehicles off of a ship, and deployment of a team (4) of 
unmanned vehicles out of a submarine. For example, and 
without limitation, each of the unmanned vehicles may be 
equipped with a collision avoidance system (CAS) which 
may provide awareness of proximate vehicles and/or 
objects. 

In one embodiment of a basic swarm method, each 
unmanned vehicle may be loaded with a mission track (e.g.， 
one or more transit paths) with location, speed, time, and 
path tolerance. Missions may be coordinated such that 
involved unmanned vehicles’ paths do not collide. In the 
example embodiment, each group may proceed from the 
“drop zone” on a transit path specified by the off-board 
control system. At a specified time, each group may proceed 
to its own specified location, at which point the swarm may 
be considered to have achieved platoon size. Each grouping 
may be deployed to a location that may be a specified 
distance from a target. Upon a specified schedule, all mis- 
sion assets (e.g., unmanned vehicles) may move toward the 
mission target zone, each executing planned movements in 
support of the mission and, as appropriate, executing 
autonomous movements in response to unplanned stimuli 
but no so as to jeopardize the mission. For example and 
without limitation, planned movements may call for the air 
dropped squad to split off into two teams, for the platoon to 
split into four squads, and for the team to stay intact. In such 
a manner, all vessels and groups in the swarm may be 
coordinated over time, 3D location, and transit path. 

A skilled artisan will note that one or more of the aspects 
of the present invention may be performed on a computing 
device. The skilled artisan will also note that a computing 
device may be understood to be any device having a 
processor, memory unit, input, and output. This may 
include, but is not intended to be limited to, cellular phones, 
smart phones, tablet computers, laptop computers, desktop 
computers, personal digital assistants, etc. FIG. 23 illustrates 
a model computing device in the form of a computer 810, 
which is capable of performing one or more computer- 
implemented steps in practicing the method aspects of the 
present invention. Components of the computer 810 may 
include, but are not limited to, a processing unit 820, a 
system memory 830, and a system bus 821 that couples 
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to begin and complete a successful mission of a fleet of 
unmanned vehicles 100. FIG. 19 illustrates a high-level flow 
diagram of exemplary functions provided by the Mission 
Execution System modules. 

Also, for example, and without limitation, a Mission Data 
Processing System 2050 may receive and record mission 
data transmitted from the unmanned vehicles 100. A major- 
ity of missions may be presumed to relate to data gathering 
for intelligence, surveillance and reconnaissance (ISR) pur- 
poses. The Mission Data Processing system 2050 may 
collect and process large amounts of data and may extract 
the most useful information out of the data in near real time. 
The Mission Data Processing system 2050 may perform 
complex data pattern processing in addition to raw storage 
and reporting. 

FIG. 21 illustrates an embodiment of integrating various 
off-board management and control processes with on board 
control processes of a set of unmanned vehicles 100. For 
example, and without limitation, a mission may be planned 
and simulations of a mission may be run in a data center in 
the United States, subsequently the mission may be made 
available to a mission control center in East Africa. The 
mission control center may check for fleet availability to 
populate the mission and may transmit a request through 
secure communication channels for unmanned vehicles. A 
vehicle repository that may be, for example, and without 
limitation, controlled by military personnel or military sub- 
contractors in Europe, may process the request. Unmanned 
vehicles in Europe may be run through maintenance diag- 
nostics to validate readiness, then may be loaded on trans- 
port aircraft equipped with unmanned remote launch appa- 
ratus. The loaded unmanned vehicles may be flown to a 
target area off the coast of East Africa and may be air 
dropped over a pre-planned pattern in accordance with the 
mission planned in the United States. Mission execution 
responsibility may be transferred to a mission control center 
in the Middle East, again through secure communication 
channels. After the mission is concluded, fleet management 
may be transferred back to a control center in Europe and the 
unmanned vehicles may be retrieved by or driven to desig- 
nated destinations (either mobile or static). Upon successful 
retrieval, the unmanned vehicles involved in the complete 
mission may be returned to the vehicle repository. 

Swarming may be defined as a deliberately structured, 
coordinated, and strategic way to strike from all directions, 
by means of a sustainable pulsing of force and/or fire, 
close-in as well as from stand-off positions. Swarming 
involves the use of a decentralized force in a manner that 
emphasizes mobility, communication, unit autonomy, and 
coordination/synchronization. In the context of unmanned 
vehicles, “swarming” relates to coordinating a collection of 
vehicles such the vehicles’ movements are orchestrated in 
relation to each other. 

In one embodiment of mission planning and control, 
multi-mode swarm control advantageously solves the prob- 
lem of having a number of unmanned vehicles each moving 
in its own pre-determined path in a coordinated spatial and 
time pattern where the unmanned vehicles are in close 
proximity. Unmanned vehicle swarms may locate a collec- 
tion of unmanned vehicles in a target zone at desired times 
and locations. The unmanned vehicles may proceed at a 
collection of coordinated paths and speeds. Paths may be 
defined by geo-coordinates (e.g., latitude and longitude) and 
depth (e.g., altitude), so that paths may be said to be “three 
dimensional”. Additionally, a swarm may include a number 
of unmanned vehicles deployed by air drop following a 
pre-determined glide path. Unmanned vehicle multi-mode 
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magnetic media, a magnetic disk drive 851 that reads from 
or writes to a removable, nonvolatile magnetic disk 852, and 
an optical disk drive 855 that reads from or writes to a 
removable, nonvolatile optical disk 856 such as a CD ROM 
or other optical media. Other removable/non-removable, 
volatile/nonvolatile computer storage media that can be used 
in the exemplary operating environment include, but are not 
limited to, magnetic tape cassettes, flash memory cards, 
digital versatile disks, digital video tape, solid state RAM, 
solid state ROM, and the like. The hard disk drive 841 is 
typically connected to the system bus 821 through a non- 
removable memory interface such as interface 840, and 
magnetic disk drive 851 and optical disk drive 855 are 
typically connected to the system bus 821 by a removable 
memory interface, such as interface 850. 

The drives, and their associated computer storage media 
discussed above and illustrated in FIG. 23, provide storage 
of computer readable instructions, data structures, program 
modules and other data for the computer 810. In FIG. 23, for 
example, hard disk drive 841 is illustrated as storing an OS 
844, application programs 845, other program modules 846, 
and program data 847. Note that these components can 
either be the same as or different from OS 833, application 
programs 833, other program modules 836, and program 
data 837. The OS 844, application programs 845, other 
program modules 846, and program data 847 are given 
different numbers here to illustrate that, at a minimum, they 
may be different copies. A user may enter commands and 
information into the computer 810 through input devices 
such as a keyboard 862 and cursor control device 861, 
commonly referred to as a mouse, trackball or touch pad. 
Other input devices (not shown) may include a microphone, 
joystick, game pad, satellite dish, scanner, or the like. These 
and other input devices are often connected to the processing 
unit 820 through a user input interface 860 that is coupled to 
the system bus, but may be connected by other interface and 
bus structures, such as a parallel port, game port or a 
universal serial bus (USB). A monitor 891 or other type of 
display device is also connected to the system bus 821 via 
an interface, such as a graphics controller 890. In addition to 
the monitor, computers may also include other peripheral 
output devices such as speakers 897 and printer 896, which 
may be connected through an output peripheral interface 
895. 

The computer 810 may operate in a networked environ- 
ment using logical connections to one or more remote 
computers, such as a remote computer 880. The remote 
computer 880 may be a personal computer, a server, a router, 
a network PC, a peer device or other common network node, 
and typically includes many or all of the elements described 
above relative to the computer 810, although only a memory 
storage device 881 has been illustrated in FIG. 23. The 
logical connections depicted in FIG. 23 include a local area 
network (LAN) 871 and a wide area network (WAN) 873, 
but may also include other networks 140. Such networking 
environments are commonplace in offices, enterprise-wide 
computer networks, intranets and the Internet. 

When used in a LAN networking environment, the com- 
puter 810 is connected to the LAN 871 through a network 
interface or adapter 870. When used in a WAN networking 
environment, the computer 810 typically includes a modem 
872 or other means for establishing communications over 
the WAN 873, such as the Internet. The modem 872, which 
may be internal or external, may be connected to the system 
bus 821 via the user input interface 860, or other appropriate 
mechanism. In a networked environment, program modules 
depicted relative to the computer 810, or portions thereof, 
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various system components including the system memory to 
the processing unit 820. The system bus 821 may be any of 
several types of bus structures including a memory bus or 
memory controller, a peripheral bus, and a local bus using 
any of a variety of bus architectures. By way of example, 
and not limitation, such architectures include Industry Stan- 
dard Architecture (ISA) bus, Micro Channel Architecture 
(MCA) bus, Enhanced ISA (EISA) bus, Video Electronics 
Standards Association (VESA) local bus, and Peripheral 
Component Interconnect (PCI). 

The computer 810 may also include a cryptographic unit 
825. Briefly, the cryptographic unit 825 has a calculation 
function that may be used to verify digital signatures, 
calculate hashes, digitally sign hash values, and encrypt or 
decrypt data. The cryptographic unit 825 may also have a 
protected memory for storing keys and other secret data. In 
other embodiments, the functions of the cryptographic unit 
may be instantiated in software and run via the operating 
system. 

ላ computer 810 typically includes a variety of computer 
readable media. Computer readable media can be any avail- 
able media that can be accessed by a computer 810 and 
includes both volatile and nonvolatile media, removable and 
non-removable media. By way of example, and not limita- 
tion, computer readable media may include computer stor- 
age media and communication media. Computer storage 
media includes volatile and nonvolatile, removable and 
non-removable media implemented in any method or tech- 
nology for storage of information such as computer readable 
instructions, data structures, program modules or other data. 
Computer storage media includes, but is not limited to, 
RAM, ROM, EEPROM, FLASH memory or other memory 
technology, CD-ROM, digital versatile disks (DVD) or other 
optical disk storage, magnetic cassettes, magnetic tape, 
magnetic disk storage or other magnetic storage devices, or 
any other medium which can be used to store the desired 
information and which can be accessed by a computer 810. 
Communication media typically embodies computer read- 
able instructions, data structures, program modules or other 
data in a modulated data signal such as a carrier wave or 
other transport mechanism and includes any information 
delivery media. The term “modulated data signal" means a 
signal that has one or more of its characteristics set or 
changed in such a manner as to encode information in the 
signal. By way of example, and not limitation, communi- 
cation media includes wired media such as a wired network 
or direct-wired connection, and wireless media such as 
acoustic, radio frequency, infrared and other wireless media. 
Combinations of any of the above should also be included 
within the scope of computer readable media. 

The system memory 830 includes computer storage media 
in the form of volatile and/or nonvolatile memory such as 
read only memory (ROM) 831 and random-access memory 
(RAM) 832. A basic input/output system 833 (BIOS), con- 
taining the basic routines that help to transfer information 
between elements within computer 810, such as during 
start-up, is typically stored in ROM 831. RAM 832 typically 
contains data and/or program modules that are immediately 
accessible to and/or presently being operated on by process- 
ing unit 820. By way of example, and not limitation, FIG. 23 
illustrates an operating system (OS) 834, application pro- 
grams 835, other program modules 836, and program data 
837. 

The computer 810 may also include other removable/non- 
removable, volatile/nonvolatile computer storage media. By 
way of example only, FIG. 23 illustrates a hard disk drive 
841 that reads from or writes to non-removable, nonvolatile 
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launched and recovered. Positioning is relative to the pay- 
load and environment which may be particularly important 
in higher sea states. 

It should be noted that the present embodiment preferably 
provides the ability of the host vessel to navigate autono- 
mously with high performance characteristics when not 
flooded, the ability of the host vessel to maintain headway 
and navigate while the well deck is flooded, and/or the 
ability of the host vessel to sense location and position of 
launched and recovered payload objects as they move away 
or toward the well deck. 

For this description the payload objects are unmanned 
vessels, such as unmanned surface vessels (“USV”), 
unmanned underwater vessels (“UUV”) or remote operated 
vehicles (“ROV”) that can be free-launched or launched 
using a winched tethered tow, for example. 

Initially, referring to FIG. 33, a diagram is shown that 
illustrates the six degrees of freedom related to the operation 
of an unmanned vehicle according to embodiments of the 
present invention. À position of the well deck is preferably 
controlled within six degrees of freedom including roll, 
pitch, yaw, up/down, forward/reverse and right/left. 

FIG. 34 is a schematic diagram illustrating the layout of 
a buoyancy control system 3402 for an unmanned vehicle 
3400 according to an embodiment of the present invention. 
In this embodiment, the example of an unmanned vehicle 
3400 includes many features described above but is not 
limited thereto. Other combinations of features described 
herein are contemplated as would be appreciated by those 
skilled in the art. Here, the vehicle body may include a pair 
of substantially parallel sponsons 3404, 3406 coupled 
together on opposite sides of a recessed well deck 3408 in 
a stern portion of the vehicle body. The recessed well deck 
3408 is configured to stow a payload as will be described 
below. 

Although not shown here, a propulsion system is config- 
ured to propel the unmanned vehicle 3400, a maneuvering 
system is configured to maneuver the unmanned vehicle, 
and a vehicle control system is configured to control a speed, 
an orientation, and a direction of travel of the unmanned 
vehicle in combination with the propulsion system and the 
maneuvering system. Various embodiments of such systems 
are described above with reference to FIGS. 4-15 and are not 
described again here. A sensor system includes a plurality of 
environmental sensors configured to sense environmental 
and operational characteristics for the unmanned vehicle, 
and at least one power supply is configured to provide power 
to the propulsion system, the maneuvering system, the 
vehicle control system, the buoyancy control system, and the 
sensor system, as also described above with respect to other 
embodiments. 

As described above with reference to FIG. 6, the ballast 
system may contain mechanisms to control the volume of 
water and air in one or more ballast chambers to advanta- 
geously vary the buoyancy of the unmanned vehicle while 
submerged and to support selective submerging and re- 
surfacing of the unmanned vehicle. The ballast system may 
also be known as the buoyancy system because the system 
may provide for the selective submerging and re-surfacing 
of the unmanned vehicle by varying buoyancy. The ballast 
control mechanism may include piping and ports to enable 
the flow of water into and out of ballast chambers. Electric 
water pumps may be activated by the ballast control system 
to control ballast levels which may be monitored by ballast 
sensors. 

For the buoyancy control system 3402, ballast containers 
3410 are positioned within portions of the vehicle body. A 
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may be stored in the remote memory storage device. By way 
of example, and not limitation, FIG. 23 illustrates remote 
application programs 885 as residing on memory device 
881. 

The communications connections 870 and 872 allow the 
device to communicate with other devices. The communi- 
cations connections 870 and 872 are an example of com- 
munication media. The communication media typically 
embodies computer readable instructions, data structures, 
program modules or other data in a modulated data signal 
such as a carrier wave or other transport mechanism and 
includes any information delivery media. A “modulated data 
signal" may be a signal that has one or more of its charac- 
teristics set or changed in such a manner as to encode 
information in the signal. By way of example, and not 
limitation, communication media includes wired media such 
as a wired network or direct-wired connection, and wireless 
media such as acoustic, RF, infrared and other wireless 
media. Computer readable media may include both storage 
media and communication media. Some of the illustrative 
aspects of the present invention may be advantageous in 
solving the problems herein described and other problems 
not discussed which are discoverable by a skilled artisan. 
While the above description contains much specificity, these 
should not be construed as limitations on the scope of any 
embodiment, but as exemplifications of the presented 
embodiments thereof. Many other ramifications and varia- 
tions are possible within the teachings of the various 
embodiments. While the invention has been described with 
reference to exemplary embodiments, it will be understood 
by those skilled in the art that various changes may be made 
and equivalents may be substituted for elements thereof 
without departing from the scope of the invention. In addi- 
tion, many modifications may be made to adapt a particular 
situation or material to the teachings of the invention with- 
out departing from the essential scope thereof. Therefore, it 
is intended that the invention not be limited to the particular 
embodiment disclosed as the best or only mode contem- 
plated for carrying out this invention, but that the invention 
will include all embodiments falling within the description 
of the invention. Also, in the drawings and the description, 
there have been disclosed exemplary embodiments of the 
invention and, although specific terms may have been 
employed, they are unless otherwise stated used in a generic 
and descriptive sense only and not for purposes of limitation, 
the scope of the invention therefore not being so limited. 
Moreover, the use of the terms first, second, etc. do not 
denote any order or importance, but rather the terms first, 
second, etc. are used to distinguish one element from 
another. Furthermore, the use of the terms a, an, etc. do not 
denote a limitation of quantity, but rather denote the pres- 
ence of at least one of the referenced item. 

With additional reference to FIGS. 33-41, another 
embodiment of an unmanned vessel will be described. The 
unmanned vehicle according to this embodiment is config- 
ured for semi-submersible launch and recovery of payload 
objects. Of course, such embodiment may include any of the 
features described above with respect to other embodiments. 
As will be described in further detail below, the present 
embodiments include a well-deck built into a hull (e.g., a 
catamaran-like hull) and include the ability to flood the stern 
of the host vessel, the ability to control buoyancy through a 
buoyancy control system, and/or the ability to control water 
depth in the well deck and pitch of the well deck by 
controlling the center of buoyancy. The ability to position 
the host vessel in an advantageous position and orientation, 
may also be provided so the payload can most effectively be 
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system 3500 is a feedback control system taking instructions 
from the command and control block 3504 as set points, 
using sensor inputs to determine feedback signals and pro- 
vide output signals to actuators. 

The command and control block 3504, which may be 
under operator direction, or receive autonomous instructions 
as described above, sends positioning instructions to the 
well deck positioning controller 3502. Such instructions 
may include well deck pitch, well deck depth, well deck 
heading, well deck turn rate or well deck pitch rate, for 
example. The well deck positioning controller 3502 sends 
position information back to the command and control block 
3504. The sensors may include orientation 3520, movement 
3521, water level 3522, environment 3523 and payload 
position 3524. These sensors 3520-3524 provide feedback to 
the well deck position controller 3502. The actuators 3510- 
3513 control flooding of the well deck 3408 and ballast 
containers 3410 via the four buoyancy mechanisms, water 
inlet valves, water pumps, air valves and vehicle movement. 

An embodiment at least includes the plurality of environ- 
mental sensors 3430 including, for example, water level 
sensors 3522 configured to sense water levels in the ballast 
containers 3410 and the recessed well deck 3408, and 
payload position sensors 3524 configured to sense the posi- 
tion of the payload relative to the payload securing system 
3602/3604 and the recessed well deck 3408. 

The launch process begins when the UMMV 3400 initi- 
ates a launch sequence request from a remote operator or 
from internal logic executing autonomous mission logic 
running on resident control systems as described above. The 
entire sequence of launch and recovery may be under control 
of the on-board control systems on the UMMV 3400. The 
UMMYV 3400 floods the recessed well deck 3402, e.g., in the 
stern section of the vessel to the mid-ship, by opening flood 
valves and activating flooding pumps if faster flooding is 
desired. FIG. 38 is a perspective rear view illustrating the 
semi-submersible launch and recovery unmanned vehicle 
3400 of FIG. 36 partially submerged below the surface of the 
water. 

Water level monitoring sensors 3522 in the well deck 
3408 provide feedback to the controller 3502 which also 
monitors pitch and roll 3520. Additionally, the buoyancy 
control system 3402 controls the amount and location of 
flotation. The buoyancy control system 3402 controls the 
depth of water in the well deck 3408 and the pitch of the well 
deck by controlling the amount of flooding and center of 
buoyancy while monitoring water level and pitch sensors. 

When the water in the well deck 3408 is at the desired 
depth and the pitch of the well deck is at the desired angle, 
the actual launch of the payload objects 3606, 3608 (e.g. 
either USV, UUV or ROV) is initiated. In this phase, the 
support 3602 or cradle releases the payload object(s) 3606, 
3608 or the object simply floats away from its cradle. The 
object 3606, 3609 may or may not be tethered 3605 and may 
drive away from the UMMV 3400 to perform its mission. 
FIG. 39 is a perspective rear view illustrating the semi- 
submersible launch and recovery unmanned vehicle 3400 of 
FIG. 36 during launch and recovery of the payload object 
3606, 3608. FIG. 40 is a more detailed rear view illustrating 
the semi-submersible launch and recovery unmanned 
vehicle 3400 of FIG. 36 during launch and recovery of the 
payload objects 3606, 3608. 

It should be appreciated that the UMMV 3400 may drive 
away from the payload object(s) 3606, 3608, or the objects 
may drive away from the UMMV. Once the UMMV 3400 
achieves separation from the object(s) 3606, 3608, the 
UMMYV may stay partially submerged and navigate in that 
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pump 3412 and valves 3414, 3416 define a pump and valve 
system that is configured to vary amounts of water and air 
in the recessed well deck 3408. Various other pumps and 
valves, described above with reference to FIG. 6, may be 
included to vary the amount of water and/or air in the ballast 
containers 3410. The ballast containers 3410 preferably 
include at least a ballast container located forward and aft in 
each of the sponsons 3404, 3406 to define four quadrants of 
buoyancy for the unmanned vehicle 3400. More than four 
ballast containers 3410 is also contemplated. The buoyancy 
control system 3402 may include a buoyancy controller 
3420 that is configured to individually control the relative 
buoyancy in each of the four quadrants and the total buoy- 
ancy of the unmanned vehicle 3400. Various sensors, includ- 
ing imaging sensors 3430, may also be provided and will be 
described in more detail below. 

Water is filled in the recessed well deck 3408 via a 
combination of the water pump 3412 and actuated valves 
3414, 3416 that allow water into and out of the hull. An air 
valve 3418 may be used to control air flow in and out of the 
recessed well deck 3408 of the hull. The pump 3412 may 
also pump water out. The recessed well deck 3408 can 
accept water in the hull without damaging internal compo- 
nents as it is designed to be flooded through the use of 
various seals and channels, not shown, as would be appre- 
ciated by those skilled in the art. The combination of total 
water in the well deck 3408 and the four-quadrant buoyancy 
control enables control of at least three of the six degrees of 
freedom: pitch, roll and up/down. 

The vehicle control system or navigation control system 
1500, as the on-board governor of the speed, direction, and 
orientation, will control the other three of the six degrees of 
freedom: yaw, forward/reverse and right/left. 

Referring additionally to FIGS. 36 and 37, the recessed 
well deck 3408 includes a payload securing system that may 
include supports 3602 or cradles or similar structures into 
which the payload objects 3606, 3608 (e.g., USV/UUV/ 
ROVS) sit for stability during transit. FIG. 36 is a top view 
illustrating a semi-submersible launch and recovery 
unmanned vehicle according to an embodiment of the pres- 
ent invention. FIG. 37 is a perspective rear view illustrating 
the semi-submersible launch and recovery unmanned 
vehicle of FIG. 36 on the surface of the water. 

The supports 3602 and may have an automated apparatus 
3604 to secure the payload objects. For example, for 
winched tethered tow, the automated apparatus 3604 may 
include tether lines 3605 that connect to an autonomously 
controlled reel at a fixed end, and attach to the payload 
objects 3606, 3608 at a free end. The tether lines may be 
multi-purpose to both convey data and power between the 
USV/UUV/ROVs and the UMMV, as well as mechanically 
tow the USV/UUV/ROVs. 

The vehicle control system 1500, the buoyancy control 
system 3402 and the sensor system 1650 define a well deck 
positioning control system 3500 (FIG. 35) configured to 
launch and recover objects 3606, 3608 of the payload 
to/from the water while the well deck 3408 is at least 
partially submerged in water. FIG. 35 is a schematic block 
diagram illustrating components defining the well deck 
position control system 3500 for an unmanned vehicle 3400 
according to an embodiment of the present invention. The 
well deck positioning system 3500 may include a well deck 
positioning controller 3502 configured to provide output 
signals to actuators 3510-3513 of the buoyancy control 
system 3402 and to the vehicle control system 1500 in 
response to input signals from sensors 3520-3524 of the 
sensor system. Thus, the well deck positioning control 
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Now referring to FIG. 42, a block diagram of an autono- 
mous hiding system is shown. The autonomy hiding system 
is comprised of layers of related functionality. Layers pro- 
viding autonomy 4201 are depicted on the left of FIG. 42, 
with layers providing hiding 4202 depicted on the right. 
There is some overlap between autonomy and hiding in the 
control layer 4205. The layers below the top level autonomy 
and hiding designations of FIG. 42 are organized from left 
to right as the input queue layer 4203, integration layer 4204, 
control layer 4205, and vessel operation layer 4206, which 
provides the output. 

The input queue layer 4203 includes mission planning 
4207, a mission plan 4208, mission decision algorithms 
4209, sensors 4210, sensor signal processing 4211, sensor 
data fusion 4212, and sensor data analysis 4213. The input 
queue layer 4203 may contain inputs to the system that 
originate from sensors taking in external environment data, 
or mission information and decision logic that is pre- 
programmed by mission planners. The input queue layer 
contains elements of artificial intelligence in the form of a) 
mission decision algorithms and b) sensor data analysis 
including recognition, identification and classification. 

The integration layer 4204 may include mission plan 
integration 4214, algorithm processing integration 4215, 
sensor integration 4216, and sensor data and analysis inte- 
gration 4217. The integration layer 4204 conveys data 
generated in the Input Queue Layer 4203 to the Control 
Layer 4205. To accomplish this, the Input Queue Layer 4203 
components must be integrated into this system with data, 
electrical, power, and mechanical connections. If physical 
integration is required, the integration may include water- 
proofing all components, signals and power. 

The control layer 4205 may include a vessel control 
system 4218, hiding control system 4219, navigation control 
system 4220, and stealth control system 4221. The control 
layer 4205 may contain components that process the input 
data and translate to signals that control “hiding” system 
components and therefore hiding behavior. 

The vessel operation layer 4206 may include the vessel 
systems that cause the vessel to perform certain behaviors. 
The vessel operation layer 4206 may include stealth hiding 
signature suppression systems 4223 and physical hiding 
navigation modes 4222. The stealth hiding signature sup- 
pression systems 4223 may include a thermal cloaking 
system 4227, an acoustic cloaking system 4228, a radio 
frequency cloaking system 4229, and a radio frequency 
imitation system 4229. They physical hiding navigation 
modes 4222 may include a navigation system 4224, which 
may include a propulsion system, a steering system, and 
control surfaces, a buoyancy system 4225, and a ballast 
system 4226. The buoyancy system 4225 and the ballast 
system 4226 may be components of the maneuvering sys- 
tem. 

Turning to FIG. 43, this flowchart depicts logic used by 
the mission execution control 4401 in determining what 
hiding behaviors to execute. The process begins with a 
sensor 4301, 4302 and mission plan 4303 input. The sensor 
4301, 4302 input may be received from a transient object 
detection sensor 4301 or an environmental awareness sensor 
4302. A transient object detection sensor 4301 may include, 
but is not limited to, an electro-optical sensor 4308, an 
infrared sensor 4309, a radar sensor 4310, a LIDAR sensor 
4311, an acoustic sensor 4312, and a sonar sensor 4313. An 
environmental awareness sensor 4302 may include, but is 
not limited to, a GPS sensor 4314, a compass 4315, a gyro 
sensor 4316, and an inertial navigation system (INS) 4317. 
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orientation, may evacuate the flooded water and continue to 
drive as a surface vessel, or remain floating stationary in its 
partially submerged orientation, for example. 

Orientation sensors 3520 may include positional sensors 
to provide pitch-roll-yaw and depth position of the ۷ 
3400. Also, sensors 3524 detect location and orientation of 
payload objects 3606, 3608 to provide feedback to the 
command and control block 3504 and/or positioning and 
payload securing systems. The payload position sensors 
3524 may include imaging sensors, e.g., electro-optical or 
infrared (EO/IR), that are oriented toward payload objects 
3606, 3608 and a remote streaming system (i.e., control and 
communications of imaging) may be part of the command 
and control block 3504 or the vehicle control system 1500 
to provide feedback to remote human operators. Thus, the 
well deck positioning control system 3500, in connection 
with the vehicle control system, has the capability to 
dynamically position the UMMV 3400 relative to payload 
objects 3606, 3608 and may include communication (wired 
or wireless) between such objects and the UMMV. 

In recovery mode, the UMMV 3400 will return to its 
semi-submersible condition. The payload object(s) 3606, 
3608 will either drive back over the well deck 3408 for 
capture or may be captured aft of the UMMV 3400 and then 
towed back into the well deck. Once the object(s) 3606, 
3608 is/are in position and secured or captured in the well 
deck 3408, the UMMV 3400 evacuates the flooded water by 
pumping it out and returns to its surface operation. Sensors 
3522, 3520 monitor the water level and pitch during the 
transition from semi-submersible to surface condition. FIG. 
41 is a perspective rear view illustrating the semi-submers- 
ible launch and recovery unmanned vehicle 3400 of FIG. 36 
on the surface of the water after recovery of a payload object 
3608 and back on the surface of the water. As illustrated, as 
part of the payload securing system, a tailgate 3630 is 
configured to pivot between a down (or launch/recovery) 
position and an up (or closed/transport) position. 

Once the flooded water is pumped out of the well deck 
3408 and/or the ballast containers 3410, the UMMV 3400 
may navigate normally and perform high speed maneuvers 
as desired. 

With additional reference to FIGS. 42-51, another 
embodiment of an unmanned vessel will be described. The 
unmanned vehicle according to this embodiment is config- 
ured for autonomous hiding. Of course, such embodiment 
may include any of the features described above with respect 
to other embodiments. As will be described in further detail 
below, the present embodiments include an autonomous 
hiding control system and an autonomous stealth mode 
executive control. The hiding control system works with the 
navigation mode executive control to physically position the 
unmanned vehicle so that it cannot be detected by an item of 
interest. The stealth mode executive control may provide 
control to a stealth control system, a thermal cloaking 
system, an acoustic cloaking system, a radio frequency 
cloaking system, or a radio frequency imitation system, 
which operate to prevent detection of the unmanned vehicle 
by an item of interest. 

It should be noted that the present embodiment preferably 
provides the ability of the host vessel to navigate autono- 
mously while preventing or limiting the risk of detection or 
harm to the vessel. 

Initially, FIGS. 42-47 primarily depict processing char- 
acteristics of elements of the invention while FIGS. 48-51 
primarily depict physical characteristics of elements of the 
invention. 
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hiding control system, orientation control system, stealth 
control system, propulsion system, maneuvering system, or 
buoyancy control system. 

Signal processing electronics 4304 and algorithms 4305 
may receive input from the sensors 4301, 4302 and deter- 
mine that an item of interest or combination of items of 
interest have been detected. Detection may include a deter- 
mination of the location, speed, heading, velocity, and/or 
dimension of the object of interest. Location may include 
any or all of the latitude, longitude, and depth of the item of 
interest. Sensor 4301, 4302 data and associated derivative 
information may be aggregated from each sensor 4301, 4301 
for each item of interest and may be sent over an ethernet 
network to computation algorithms that may detect, identify, 
and classify each item of interest. This kind of recognition 
and classification may be particularly well suited to artificial 
intelligence (AI) and pattern recognition algorithms. The 
item of interest signal and classification signal may be 
provided by the artificial intelligence block 4305. 

Once an item of interest has been detected, recognized, or 
classified that information may be sent over an ethernet 
network to the Mission Execution Control 4306. The Mis- 
sion Execution Control 4306 may also receive input from 
the Mission Plan 4303. The Mission Execution Control 4306 
may contains decision-making algorithms 4318 that may 
determine what hiding characteristics are desired based on 
the information received. Those decision-making algorithms 
4318 may provide information to hiding requests 4319, 
which may pass command to the Hiding Control System 
4307. The decision-making algorithms 4318 included in the 
Mission Execution Control 4306 may contain AI compo- 
nents. 

The output of the Hiding Decision System may include 
Navigation Mode and Stealth Mode messages which are sent 
to the Hiding Control system 4307 over an ethernet network. 
The hiding control system 4307 may provide data to the 
propulsion system, maneuvering system, vehicle control 
system, or buoyancy control system, which, individually or 
collectively, may act to avoid physical, electrical, acoustic, 
or thermal detection of the unmanned vehicle by the item of 
interest. 

FIG. 44 depicts the flow chart of the hiding control system 
4307. Data may be provided to the hiding control system 
4307 from the mission execution control 4401, which is 
depicted in detail in FIG. 43. 

FIG. 44 depicts how the hiding control system 4402 
converts Hiding Request messages received from the mis- 
sion execution control 4401 to Navigation Mode and Stealth 
mode control messages. Input to the hiding control system 
4402 originates from the Mission Execution control 4306 
depicted in FIG. 43, which sends hiding request messages as 
inputs that are processed by the hiding control system 4402 
and/or the stealth mode executive control 4403. 

The output of the hiding control system 4402 may be sent 
to the navigation mode executive control 4404, which may 
provide electrical and mechanical systems to direct 
unmanned vehicle navigation modes. The classification sig- 
nal received from the mission execution control 4401 may 
be provided to the hiding control system 4402, which 
provides input to the navigation mode executive control 
4404, which may then use that data to provide commands 
used by the maneuvering system, the buoyancy system, or 
the propulsion system to position the unmanned vehicle in a 
location calculated to prevent detection of the unmanned 
vehicle by the item of interest. 

The hiding control system 4402 may select a desired 
navigation mode and provide this data to the navigation 
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The inputs are processed and sent to decision algorithms that 
generate messages, which are provided to the hiding control 
system 4307. 

Sensors 4301 may be attached to the unmanned vehicle 
for the purpose of detecting items of interest, which may be 
transient objects. The sensors 4301 may be referred to as 
transient object detection sensors. The sensors 4301 may 
provide data to a signal processing block 4304, which may 
detect an item of interest and provide an item of interest 
signal to an artificial intelligence block 4305, which may 
identify or classify the item of interest. The artificial intel- 
ligence block 4305 may be part of the vehicle control 
system. The artificial intelligence block 4305 may provide a 
classification signal. The classification signal may be pro- 
vided to the mission execution control 4306 and may be 
utilized by the propulsion system, maneuvering system, 
vehicle control system, or buoyancy control system. The 
classification signal may be determined by the artificial 
intelligence block 4305 based on the item of interest clas- 
sification. Items of interest may include, but are not limited 
to aquatic vessels, humans, mines, aerial vehicles, and 
chemicals. Items of interest may be classified as one of the 
listed types of items of interest after identification. 

The unmanned vehicle may have any combination of 
sensors 4308, 4309, 4310, 4311, 4312, and 4313. Examples 
of sensor 4301 configurations include, but are not limited to, 
a single optical camera, some combination of sensors 4308, 
4309, 4310, 4311, 4312, and 4313, and all of sensors 4308, 
4309, 4310, 4311, 4312, and 4313. The enumeration of 
sensors 4301 may be representative of many embodiments 
but is not exhaustive. 

Sensors 4302 may be attached to the unmanned vehicle to 
provide environmental information. Examples of environ- 
mental information include, but are not limited to, location 
on earth, vessel heading and course, and vessel orientation 
in water or air. Environmental information input is con- 
sumed by mission planning 4303 and execution 4306 mod- 
ules. Additional sensors 4302 may be included but are not 
specifically enumerated in FIG. 43. Examples of additional 
sensors 4302, include, but are not limited to, sensors detect- 
ing the presence of chemicals or nuclear waste and sensors 
adapted to provide an indication of water quality. The 
presence or absence of particular environmental features 
may be defined as an item of interest. Output from the 
sensors 4302 may be provided to signal processing block 
4304 to detect an item of interest. It is anticipated that new 
environmental sensors 4302 will become available and are 
considered within the scope of this disclosure. 

Items of interest may include transient objects detected by 
sensors 4301, which may include ships, boats, swimmers, 
submarines, mines, aerial objects, including unmanned 
aerial vehicles and varieties of flying vehicles, as well as 
foreign material in the water detected by sensors 4302, 
which may include chemicals. Chemicals may include, but 
are not limited to, oil and nuclear waste. 

In one embodiment of the invention, the plurality of 
transient object detection sensors 4301 of the sensor system 
may include at least one sensor adapted to detect an item of 
interest. The sensor data analysis 4213, sensor data and 
analysis integration 4217, or some combination of the two 
may be configured to recognize, identify, and classify one or 
more items of interest based of data received from one or 
more of the transient object detection sensors 4301 of the 
sensor system and provide an item of interest classification 
signal to the vehicle control system 4218, navigation system, 
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may travel similarly to porpoise mode while reaching a 
deeper altitude when submerged below the water line. 

Returning to FIG. 44, the output of the stealth mode 
executive control 4403, which may also be referred to as a 
stealth control system, may be sent to a thermal cloaking 
system 4414, acoustic cloaking system 4415, radio fre- 
quency cloaking system 4416, or radio frequency imitation 
system 4417. Each of the thermal cloaking system 4414, 
acoustic cloaking system 4415, radio frequency cloaking 
system 4416, and radio frequency imitation system 4417 
may include electrical and/or mechanical systems to activate 
stealth capabilities that suppress the unmanned vehicle's 
detectable signatures. The stealth control system 4403 may 
use the classification signal to activate at least one of the 
thermal cloaking system 4414, acoustic cloaking system 
4415, radio frequency cloaking system 4416, or radio fre- 
quency imitation system 4417. Any combination of stealth 
systems may be chosen. Each stealth system is independent 
from the other stealth systems. The thermal cloaking system 
4414 may provide a control signal to a hull temperature 
suppression system 4418. The acoustic cloaking system 
4415 may provide a control signal to an acoustic frequency 
cancelling system 4419. The radio frequency cloaking sys- 
tem 4416 may provide a control signal to a radio frequency 
suppression system 4420. The radio frequency imitation 
system 4417 may provide a control signal to a frequency 
imitation system 4421. 

Referring to FIG. 45, the navigation mode control is 
depicted. The navigation mode control command messages 
4501 are received and provided to navigation control 4503 
and orientation control 4504. Navigation Control 4503 may 
control vessel speed and heading. Orientation control 4504 
may control vessel pitch, roll, and depth. Together these may 
be referred to as controlling 6 degrees of freedom. 

Navigation control 4503 and orientation control 4504 
receive inputs from sensors 4502. The sensors 4503 may 
include, but are not limited to a GPS sensor 4510, compass 
4511, gyro sensor 4512, pressure sensor 4513, and water 
level sensor 4514. The pressure sensor 4513 may be utilized 
to determine a depth of the vessel. The sensors 4502 and the 
environmental awareness sensors 4302 may be the same 
sensors. Output from the GPS sensor 4510, Compass 4511, 
and Gyro sensor 4512 may be provided to the navigation 
control 4503 to provide a feedback reference for speed, 
course and/or heading. 

Output from the gyro sensor 4512, pressure sensor 4513, 
and/or water level sensor 4514 may be provided to the 
orientation control 4504 to provide a reference feedback for 
pitch, roll, depth, and water volume in the vessel. 

The Navigation Control 4503 may control propulsion and 
steerage components 4505. The propulsion and steerage 
components may include, but are not limited to, a power 
source, drive train, motors, propellers, engines, rudders, or 
vectored thrust. 

The Orientation Control 4504 may include control logic 
that generates output to control surface actuators 4506 or a 
buoyancy system 4507. The control surface actuators 4506 
may control positions of trim tabs, canards, bow thrusters, or 
the like. The Buoyancy System 4507 may control the Ballast 
System 4508 and the Flotation System 4509. 

FIG. 46 provides more detail related to the orientation 
control 4504. The orientation control 4603 receives Navi- 
gation Mode control command messages 4602 and controls 
vessel pitch, roll, yaw, and depth in response. The Orienta- 
tion Control 4603 contains logic that receives requests for 
particular orientation parameters and provides control com- 
mands in response to those requests. The orientation param- 
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mode executive control 4404. The navigation mode execu- 
tive control 4404 may process this selection and provide 
messages to the specific Navigation Mode Controller 4407, 
4408, 4409, 4410, 4411, 4412, or 4413 necessary to imple- 
ment the selected navigation mode. The navigation mode 
executive control 4404 may also contains control logic for 
transitioning between selected modes of navigation. The 
selected navigation mode controller 4407, 4408, 4409, 4410, 
4411, 4412, or 4413 may provide date to the navigation 
come control command messages 4405, which are provided 
to navigation mode control 4406 to control systems of the 
unmanned vehicle. The navigation mode control 4406 may 
provide commands to the maneuvering system, buoyancy 
control system, or propulsion system. These systems may 
work independently or cooperatively to position the 
unmanned vehicle in a body of water at a depth lower than 
a depth of the item of interest and in an orientation in order 
to avoid detection by the item of interest. 

Turning to FIG. 51, the behavior of the vessel during 
different navigation modes is depicted. The vessel may be 
capable of operating in at least six different navigation 
modes, which may be referred to as surface mode 5101, 
gator mode 5102, hover mode 5103, shark mode 5104, 
porpoise mode 5105, and diver or glider mode 5106. The 
surface navigation mode control 4407 may provide naviga- 
tion mode control command messages 4405 to the naviga- 
tion mode control 4406 when the unmanned vehicle is in 
surface mode 5101. The GATOR navigation mode control 
4408 may provide navigation mode control command mes- 
sages 4405 to the navigation mode control 4406 when the 
unmanned vehicle is in GATOR mode 5102. The SHARK 
navigation mode control 4409 may provide navigation mode 
control command messages 4405 to the navigation mode 
control 4406 when the unmanned vehicle is in SHARK 
mode 5104. The HOVER navigation mode control 4410 
may provide navigation mode control command messages 
4405 to the navigation mode control 4406 when the 
unmanned vehicle is in HOVER mode 5103. The DIVER 
navigation mode control 4411 may provide navigation mode 
control command messages 4405 to the navigation mode 
control 4406 when the unmanned vehicle is in diver mode 
5106. The glider navigation mode control 4412 may provide 
navigation mode control command messages 4405 to the 
navigation mode control 4406 when the unmanned vehicle 
is in glider mode 5106. The porpoise navigation mode 
contro] 4413 may provide navigation mode control com- 
mand messages 4405 to the navigation mode control 4406 
when the unmanned vehicle is in porpoise mode 5105. Each 
navigation mode may include navigation and movement 
characteristics along six degrees of freedom, communication 
methods, payload control methods, and other capabilities 
unique to each navigation mode. The navigation modes 
implement the part of multi-mode behavior that applies to 
surface, near surface, and submarine operations. 

In surface mode 5101, the vessel may travel across the 
surface of a body of water. In hover mode 5103, the vessel 
may move to different altitudes above or below the surface 
of the body of water. In GATOR mode 5102, the vessel may 
be substantially submerged with a to of the vessel near or 
slightly above the surface of the water. In SHARK mode 
5104, the vessel may be oriented horizontally with only the 
bow, or a portion of the bow, of the vessel above the 
waterline. In porpoise mode 5105, the vessel may move 
forward while alternating between a first position resting on 
the surface of the water and a second, completely sub- 
merged, position. In dive or glider mode 5106, the vessel 
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4617 measuring air pressure in pneumatic flotation bladders 
4611. From this sensor data, the volume of air in a plurality 
of air bladders 4611 may be determined and compared to the 
desired volume of air as directed from the buoyancy control 
system 4604. Air volume may be adjusted by activating an 
actuator or valve 4610 to pump air into the pneumatic 
flotation bladders 4611 or to release air from the pneumatic 
flotation bladders 4611 until the volume of air in the air 
bladders 4611 matches the requested volume of air. The 
flotation control system 4609 may convert digital signals to 
electrical output that drive actuators 4610 that pump the air. 

As described, the Buoyancy Control system 4604 may 
control two systems simultaneously to achieve accurate 
control of total buoyancy and center of buoyancy of the 
vessel which may enable multiple orientations, which are 
grouped as Navigation Modes described in FIG. 51. 

FIG. 47 depicts the stealth mode executive control 4701. 
The Stealth control system 4702 may receive Stealth Mode 
command messages, as depicted in FIG. 44. In response to 
the stealth mode command messages, a plurality of vessel 
signatures including thermal, acoustic or radio frequencies 
may be suppressed. Further, the stealth control system 4702 
may enable the vessel to emit a signal that imitates a 
different kind of vessel or maritime object. The Stealth 
control system 4702 may activate any combination of stealth 
systems. The stealth systems may include a thermal cloaking 
system 4703, an acoustic cloaking system 4704, a radio 
frequency cloaking system 4705, and a radio frequency 
imitation system 4706. 

The thermal cloaking system 4708 may provide a control 
signal to a hull temperature suppression system 4703. The 
thermal cloaking system 4708 may be adapted to decrease a 
temperature of the unmanned vehicle’s body by activating 
the hull temperature suppression system 4703. 

The thermal cloaking system controller 4708 may receive 
a message from the Stealth Control system 4702 with 
instructions to maintain, or limit, the maximum hull tem- 
perature to within a specified difference of the ambient water 
temperature. The thermal cloaking system controller 4708 
may also receive a message from the stealth control system 
indication what Navigation Mode or Hull Spray action to 
take to reduce the hull temperature. 

The thermal cloaking system controller 4708 may receive 
data from temperature sensors 4707 to determine the current 
hull temperature and the ambient water temperature. A hull 
temperature sensor 4713 may be positioned to measure and 
provide data related to the maximum hull temperature and 
an ambient water temperature sensor 4714 may be posi- 
tioned to measure and provide data related to the ambient 
water temperature. If the difference between the ambient 
water temperature and the hull temperature is above the 
specified difference, the thermal cloaking system controller 
4708 may provide a control signal to the navigation mode 
control 4710 to enter a navigation mode calculated to reduce 
the hull temperature. The navigation mode control 4710 may 
be a part of the vehicle control system and may control the 
propulsion system, maneuvering system, vehicle control 
system, or buoyancy control system to maintain an actual 
difference between the hull temperature and the ambient 
temperature less than the target threshold when the thermal 
cloaking system 4703 is activated. 

Similarly, if the difference between the ambient water 
temperature and the hull temperature is above the specified 
difference, the thermal cloaking system controller 4708 may 
provide a control signal to the hull spray actuator 4709 to 
activate the hull spray pump 4711 and control the hull spray 
plumbing and nozzles 4712 to spray the hull with ambient 
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eters may include pitch, roll, yaw, and depth. To achieve 
requested pitch and roll orientation parameters, the ortenta- 
tion control 4603 may send control commands to control 
surface actuators 4618 and the Buoyancy Control system 
4604. The division of responsibilities between the control 
surface actuators 4618 and the buoyancy control system 
4604 may be dependent upon the Navigation Mode. The 
control surface actuators 4618 may provide signals to one or 
more of the trim tabs, canards, and bow thrusters 4619 to 
achieve the desired pitch and roll. In one embodiment, the 
trim tabs may be positioned in the aft of the vessel and the 
canards may be positioned in the bow of the vessel. 

Vessel control surfaces, including, but not limited 10, trim 
tabs, canards, and bow thrusters 4619, may be moved by 
electrically controlled actuators 4618 that receive signals 
from the Orientation Control 4603 module. Power may 
supplied by the energy source, which may be one or more 
batteries, and the conversion from digital signals to motive 
power may occur in circuitry that exists in the on-board 
processor or within the actuators 4618 themselves. 

The Orientation Control module may receive inputs from 
sensors 4601. The sensors 4601 may include, but are not 
limited to, a gyro sensor 4612, pressure sensors 4613, 4616, 
4617, environmental sensors 4614, and water level sensors 
4615. The gyro sensor 4612 may be a 3-axis accelerometer. 
The environment sensors 4614 may detect sea state, as 
defined by wave motion, wind speed, wind direction, current 
speed, or current direction. The pressure sensors 4613, 4616, 
4617 may be utilized to detect different data. At least one 
depth pressure sensor 4613 may detect a depth of the vessel. 
A water pressure sensor 4616 may detect a water pressure. 
An air pressure sensor 4617 may detect an air pressure. 

The Buoyancy Control system 4604 may receive com- 
mand and data messages from the Orientation Control 4603. 
These messages may contain requests for orientation param- 
eters related to depth, pitch, or roll. These messages may 
also contain sensor 4601 data including information related 
to pitch, roll, yaw, and depth. These messages may be 
processed by the buoyancy control system 4604 and trans- 
lated to instructions to the Ballast Control system 4605 or 
the floatation control system 4609. 

The ballast control system 4605 may control the volume 
of water in the vessel and direct the systems necessary to 
remove water from or add water to the vessel to achieve a 
desired volume of water. Specifically, water may be carried 
in ballast containers 4608 or the hull. The Ballast Control 
System 4605 receives an input from water level sensors 
4615 inside the vessel and water pressure sensors 4616 
indicating pressure in ballast containers 4608. From this 
sensor data, the volume of water in the vessel or ballast 
containers 4608 may be determined and compared to the 
desired water volume as directed from the buoyancy control 
system 4604. Water volume may be adjusted by activating 
water pumps or valves 4606 to pump water into the ballast 
containers 4608 from the ambient water environment 4607 
or to pump water out of the ballast containers 4608 into the 
ambient water environment 4607 until the water volume in 
the ballast containers 4608 matches the requested water 
volume. The ballast control system 4605 may convert digital 
signals to electrical output that drives actuators 4606 that 
pump the water. 

The flotation control system 4609 may control the volume 
of air in the vessel and direct the systems necessary to 
remove air from or add air to the vessel to achieve the 
desired volume of air. Specifically, air may be carried in 
pneumatic flotation bladders 4611. The Flotation Control 
System 4609 may receive input from air pressure sensors 
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changing a bandwidth of the radio frequency, and changing 
a duration of transmission of the radio frequency. 

Referring to FIGS. 48a-c, schematic diagrams illustrating 
the layout of the physical components of the buoyancy 
control system are presented. The buoyancy control system 
includes the ballast system and the flotation system. The 
ballast system controls water volume within the vessel hull. 
The flotation system controls the air volume within the 
vessel hull. These two systems work together and are 
coordinated by the Orientation Control System described 
above. The ballast system primarily controls the total buoy- 
ancy of the vessel, which changes its depth, while the 
flotation system is primarily used to control the center of 
buoyancy, which changes pitch and roll of the vessel. 

The Ballast subsystem contains the following components 
as shown in FIGS. 48a-c: 

an electronically controller diverter valve 4809 that con- 
trols water flow from external ports on the top and bottom 
of the vessel to, 

an electronically controlled bi-directional positive dis- 
placement pump 4806 that pumps water in or out of the 
vessel through plumbing lines connected to ports in the 
bottom of the vessel and whose flow is controlled by, 

electronically actuated valves 4807, 4808 with ports 
directing water into or our of the bottom of the hull. 

Four water level sensors 4811, 4812, 4813, 4814 are 
located inside the vessel, two near the top to indicate that 
water has filled the vessel and two on the bottom, one in each 
sponson, to indicate that water is evacuated from the vessel. 

The central processing control unit 4815 may contains a 
computer or other computing device for logic processing 
and input and output conversions between digital signals and 
electronic signals that are used to actuate valves and pumps 
in the ballast control system. 

The flotation control system includes an air distribution 
controller 4805. The air distribution controller 4805 controls 
the volume of air in air bladders 4801, 4802, 4803, 4804 by 
pumping air in or out through air lines. The volume of air is 
individually controlled in each air bladder and the air 
bladders are distributed in four quadrants within the vessel, 
port, starboard, bow, aft. This may enable control to move 
the center of buoyancy backward and forward, and left and 
right, which translates to pitch and roll. The central process- 
ing control unit 4815 may send actuation signals to the air 
distribution controller as described in FIG. 49. The flotation 
control system may also include a pressure sensor 4810. 

Turning to FIG. 49 a schematic diagram illustrating the 
physical components of the air distribution controller used to 
control the volume of air in each of the air bladders 4914, 
4913, 4919, 4920 is shown. The air bladders 4914, 4913, 
4919, 4920 distributed in the vessel allow for controlling the 
center of buoyancy. The air distribution controller 4915 
includes an air distribution manifold 4916, an air pump 
4917, and a high-pressure air reservoir 4918. The air distri- 
bution manifold 4916 may contain a set of air channels that 
direct air between the air bladders 4914, 4913, 4919, 4920 
and either ambient air 4912 or air from the high-pressure 
reservoir 4918. Air channels may contain electronically 
activated valves 4901, 4902, 4903, 4904, 4905, 4906 that are 
controlled from the central processing control unit 4922. The 
combination of valves in open or closed positions enable 
distribution of air between any combination of bladders 
4913, 4914, 4919, 4920 and one of the two air sources 4912, 
4918. Signals from air pressure sensors 4907, 4908, 4909, 
4910, 4911 are transmitted to the central processing unit 
4922, which may use algorithms to determine the volume of 
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water to reduce the hull temperature. The hull spray actuator 
4709 may be a part of the vehicle control system and the hull 
spray pump 4711 and hull spray plumbing and nozzles 4712 
may be a part of a water spray system. Water output from the 
water spray system may be directed at the exposed hull 
surface to maintain an actual difference between the hull 
temperature and the ambient temperature less than the target 
threshold when the thermal cloaking system 4703 is acti- 
vated. 

For example, if the maximum hull temperature exceeds 
the specified temperature threshold, the vessel may be 
instructed to go into PORPOISE mode until the hull 
decreases temperature. By way of another example, if the 
maximum hull temperature exceeds the specified tempera- 
ture threshold, the hull spray mechanism may be activated. 

The acoustic cloaking system 4704 may be adapted to 
cancel an acoustic frequency emitted by the unmanned 
vehicle. The Acoustic Frequency Controller 4717 may 
receive a message from the Stealth Control system 4702 
with instructions to suppress the acoustic signature of the 
vessel. The controller 4717 may receive input from an 
acoustic sensor 4715. By way of example, and not as a 
limitation, the acoustic sensor 4715 may be a microphone or 
other sensor adapted to sense a detectable frequency. An 
algorithm may receive data detected by the acoustic sensor 
4715 or control data from the frequency controller 4714 and 
be configured to control a frequency generator 4716 to 
output a cancelling frequency calculated to suppress the 
detectable frequency sensed by the acoustic sensor 4715. 
The cancelling frequency may suppress or cancel the fre- 
quencies sensed by the acoustic sensor 4715. The cancella- 
tion frequency may be sent to a frequency generator 4716 in 
the form of an electrical or digital signal. 

The radio frequency imitation system 4706 may be 
adapted to recreate a target radio frequency. The radio 
frequency imitation system 4706 may receive a message 
from the Stealth Control system 4702 with instructions to 
imitate a known maritime vessel or other object. The object 
to be imitated could be man-made or natural. The imitation 
controller 4721 may contain a library of maritime vessel and 
object frequencies that are matched to the requested object 
and the matching frequencies may sent to a frequency 
generator 4722 in the form of an electrical or digital signal 
or controls may be provided to the frequency generator 4722 
to cause the frequency generator to output the desired 
frequency. The frequency library may include a designation 
of a plurality of maritime vessels and objects, which may be 
referred to collectively as frequency generators, and their 
associated output frequencies. The frequency generator 
4722 may be configured to output a frequency associated 
with one or the plurality of frequency generators contained 
in the library. 

The radio frequency cloaking system 4705 may be 
adapted to alter the radio frequency emitted by the vessel. 
The Radio Frequency Suppression Controller 4718 may 
receive a message from the Stealth Control system 4702 
with instructions for which communication frequencies to 
suppress. These messages may be translated and sent to an 
Emission Controller 4719 which has logic to determine what 
frequencies to suppress and the nature of the suppression 
from turning off those frequencies, choosing other selective 
frequencies or changing the bandwidth and period of com- 
munications. These parameters may be converted to instruc- 
tions and sent to the vessel’s communication modules 4720. 
The radio frequency cloaking system 4705 may be adapted 
to alter the emitted radio frequency of the Bessel by at least 
one of: suppressing an emission of the radio frequency, 
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wherein the classification signal is determined by the item 
of interest classification and is utilized by the propul- 
sion system, maneuvering system, vehicle control sys- 
tem, or retractable mount to avoid physical, electrical, 
acoustic, or thermal detection of the unmanned vehicle 
by the item of interest. 

2. The system of claim 1 wherein at least one of the 
maneuvering system and the propulsion system is used to 
position the unmanned vehicle in a location calculated to 
prevent detection of the unmanned vehicle by the item of 
interest. 

3. The system of claim 1 wherein the plurality of transient 
object detection sensors are selected from the group includ- 
ing an electro-optical sensor, an infrared sensor, a radar 
sensor, a lidar sensor, an acoustic sensor, and a sonar sensor. 

4. The system of claim 1 wherein the plurality of transient 
object detection sensors further includes at least one other 
sensor to determine at least one of a location of the item of 
interest, a velocity of the item of interest, and a dimension 
of the item of interest. 

5. The system of claim 1 wherein the down position of the 
retractable mount is defined as the rack being positioned 
abuttingly adjacent to the vehicle body, and wherein the up 
position of the retractable mount is defined as the retractable 
mount being substantially latitudinally extended from the 
vehicle body. 

6. The system of claim 1 wherein the item of interest 
classification is selected from the group consisting of an 
aquatic vessel, a human, a mine, an aerial vehicle, and a 
chemical. 

7. The system of claim 1 further comprising: 

a stealth control system; 

a thermal cloaking system; 

an acoustic cloaking system; 

a radio frequency cloaking system; and 

a radio frequency imitation system; 

wherein the classification signal is utilized by the stealth 

control system to activate at least one of the thermal 
cloaking system, the acoustic cloaking system, the 
radio frequency cloaking system, and the radio fre- 
quency imitation system. 

8. The system of claim 7 wherein the thermal cloaking 
system is adapted to decrease a temperature of the vehicle 
body. 

9. The system of claim 8 wherein the thermal cloaking 
system comprises: 

a first temperature sensor positioned to measure a hull 

temperature; and 

a second temperature sensor positioned to measure an 

ambient temperature; 

wherein a target threshold difference between the hull 

temperature and the ambient temperature is deter- 
mined; and 

wherein the vehicle control system controls the propul- 

sion system, maneuvering system, or the vehicle con- 
trol system to maintain an actual difference between the 
hull temperature and the ambient temperature less than 
the target threshold when the thermal cloaking system 
is activated. 

10. The system of claim 8 wherein the thermal cloaking 
system comprises: 

a first temperature sensor positioned to measure a hull 

temperature; and 

a second temperature sensor positioned to measure an 

ambient temperature; 
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air in each bladder 4913, 4914, 4919, 4920. The air distri- 
bution controller may receive electrical power from one or 
more batteries 4921. 

Turning to FIGS. 50a-b schematic diagrams illustrating 
the layout of thermal signature suppression components are 
depicted. Thermal signature suppression logic may be pro- 
cessed in the 5015 central processing unit. Temperature 
sensors 5001, 5002 may be placed to read exterior hull 
temperature at locations expected to be the highest tempera- 
tures. A temperature sensor 5003 may be placed to read 
ambient water temperature. The temperature sensor signals 
may be routed to the central processing unit 5015. When hull 
cooling is required, the embodiment of FIGS. 50a-6 depicts 
a water spray system to suppress the thermal signature. 
When thermal suppression is called for, the central process- 
ing unit 5015 may direct the external bottom water port to 
be opened by opening the diverter valve 5009, actuating the 
water pump 5006, and opening the internal water valve 
5007, which results in water flow to spray nozzles 5004, 
5005. When the hull temperature is cooled sufficiently, the 
process may be reversed. The valves may be closed and the 
water pump may be turned off. 

As described above, hull temperature suppression may be 
achieved by employing a navigation mode the washes the 
hull and in this case, the spray system may not be used. 

Many modifications and other embodiments of the inven- 
tion will come to the mind of one skilled in the art having 
the benefit of the teachings presented in the foregoing 
descriptions and the associated drawings. Therefore, it is 
understood that the invention is not to be limited to the 
specific embodiments disclosed, and that modifications and 
embodiments are intended to be included within the scope of 
the appended claims. 

The claims in the instant application are different than 
those of the parent application or other related applications. 
Applicant therefore rescinds any disclaimer of claim scope 
made in the parent application or any predecessor applica- 
tion in relation to the instant application. Any such previous 
disclaimer and the cited references that it was made to avoid, 
may need to be revisited. Further, any disclaimer made in the 
instant application should not be read into or against the 
parent application. 

What is claimed is: 

1. An unmanned vehicle comprising: 

a vehicle body comprising a pair of substantially parallel 

sponsons; 

a propulsion system carried by the vehicle body; 

a maneuvering system carried by the vehicle body; 

a vehicle control system carried by the vehicle body to 
control a speed, an orientation, and a direction of travel 
of the unmanned vehicle in combination with the 
propulsion system and the maneuvering system; 

a rack carried by the vehicle body comprising a retract- 
able mount configured to move between a down posi- 
tion and an up position; 

a sensor system carried by the rack and comprising a 
plurality of transient object detection sensors to sense 
transient objects in an environment of unmanned 
vehicle; and 

a power supply carried by the vehicle body; 

wherein the plurality of transient object detection sensors 
of the sensor system at least include a sensor adapted to 
detect an item of interest and provide an item of interest 
signal to the vehicle control system; 

wherein the vehicle control system is adapted to receive 
the item of interest signal, identify an item of interest 
classification and provide a classification signal; 
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14. The system of claim 13 wherein the radio frequency 
cloaking system is adapted to alter the emitted radio fre- 
quency by at least one of: suppressing an emission of the 
radio frequency, changing a bandwidth of the radio fre- 
quency, and changing a duration of transmission of the radio 
frequency. 


15. The system of claim 7 wherein the radio frequency 
imitation system is adapted to recreate a target radio fre- 
quency. 


16. The system of claim 15 wherein the radio frequency 
imitation system comprises: 


a frequency library including a designation of a plurality 
of frequency generators and associated frequencies; 
and 


a frequency generator configured to output a frequency 
associated with one of the plurality of frequency gen- 
erators. 
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wherein a target threshold difference between the hull 
temperature and the ambient temperature is deter- 
mined; and 

wherein the vehicle control system controls a water spray 

system directed at the exposed hull surface to maintain 
an actual difference between the hull temperature and 
the ambient temperature less than the target threshold 
when the thermal cloaking system is activated. 

11. The system of claim 7 wherein the acoustic cloaking 
system is adapted to cancel an acoustic frequency emitted by 
the unmanned vehicle. 

12. The system of claim 11 wherein the acoustic cloaking 
system comprises: 

an acoustic sensor adapted to sense a detectable fre- 

quency; and 

a frequency generator configured to output a canceling 

frequency calculated to suppress the detectable fre- 
quency. 

13. The system of claim 7 wherein the radio frequency 
cloaking system is adapted to alter a radio frequency emitted 
by the unmanned vehicle. 


